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OJT PROGRAM DEPARTMENT OF THE AIR FORCE 


NUMBER JP 90350 A WASHINGTON 25, D. C. 
- MARCH 1958 
~U572 
FOREWORD 


1. Purpose. This program is designed as a guide for supervised training on-the- 
job for Air Force personnel. Directives and responsibilities for this type of training are 
set forth in Air Force Regulation 52-2, "On-The-Job Training." 


2. Contents. This program contains the OJT Outline and Training Standard, job 
knowledges, work experiences, references and guidance to develop the required profi- 
ciency in the designated Air Force Specialty (AFS). 


3. Recommendations. Recommendations for the improvement of this program are 
invited. Recommendations should be forwarded to the Commander, Air Training Com- 
mand, Randolph Air Force Base, Texas. 


4. Distribution. 


a. Initial distribution requirements are determined and distribution is accom- 
plished in the same manner as for other Air Force publications which receive functional 
distribution. (See Sections 4 and 7, Chapter 4, AFM 5-4.) 


b. Bulk shipment is made to USAFE and PACAF distribution depots for distri- 
bution within their commands. Direct distribution is made to all other installations. 


c. Additional copies may be requisitioned in accordance with AF Manual 5-4. 
An index of OJT Packaged Programs is published quarterly, listing programs that are 
currently rescinded or superseded, and future programs. Requisitions should be sub- 
mitted to Shelby Air Force Depot by the Publications Distribution Officer concerned, on 
AF Form 124. Quantities requested should be held to the minimum number necessary to 
conduct the OJT Programs. 


5. Individual Issue. This publication is organizational rather than personal prop- 
erty and is authorized to remain in the personal possession of individuals to whom issued 
only so long as it is required in the performance of the duties for which it is designed. 


BY ORDER OF THE SECRETARY OF THE AIR FORCE: 


THOMAS D. WHITE 
Chief of Staff 
OFFICIAL: 


J. L. TARR 
Colonel, USAF 
Director of Administrative Services 


DISTRIBUTION: F 


Air Force organizations may reprint non-copyrighted articles without further au- 
thorization. Before extracting or reprinting items from this publication, non-Air Force 
organizations or activities are requested to indicate how the material will be used by 
communicating with the Commander, Air Training Command, Randolph Air Force Base, 
Texas. 


Copyright material contained in this publication has been reproduced with special per- 
mission granted by Stechert-Hafner, Incorporated. 
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INTRODUCTION 


Just what is meant by the term "on-the-job" training? The following official 
definition is from AFR 52-2: "On-the-Job Training is that planned training 
program designed to qualify a person, through supervised instruction, in the 
performance of the duties of a given AFS (or MOS for SCAR WAF personnel) while 
he is working in a duty assignment of the career field ladder. The training is not 
on-the-job training unless the airman spends a portion of his time in a productive 
capacity on the job."' This definition, in a few words, sums up the overall 
mission of the Air Force on-the-job training program. 


You must keep certain principles in mind in order to get the most out of 
this program. Some of these principles are: 


Air Force training will never end, therefore, on-the-job 
training will always be required. 


Training is your business, my business, everybody's 
business. 


Your unit mission is paramount. However, your unit 
mission stands a much better chance of being accomplished 
efficiently if training is given its proper importance. 


A training program must include the trainer as well 
as the trainee. 


You cannot apply rigid formulas to different people, 
different types of training, or different levels of training. 
A successful program must be flexible. 


Flexibility in this sense means that you must be prepared to use combinations 
of training methods depending on the nature of the subject, time available, and 
the capabilities of the trainee. The following methods of training are basic to any 
well-planned unit training program: 


DIRECT SUPERVISION (Apprentice or coach-pupil). No other method of 
training is as effective as intelligent, interested, coach-pupil instruction. 
In addition to being the quickest way of fitting a new worker into the operation of 
a unit, it serves as one of the best methods of training. Without specific 
directions and guidance in learning to perform the necessary duties, a worker 
is likely to waste time and material, and form bad habits of work. 


Many organizations in industry have apprenticeship courses which are 
designed to train workers in a trade or skill. Their training consists of 
coach-pupil supervision under skilled workers with periodic group instruction 
when it is advantageous. 


SELF-STUDY. Skilled and semi-skilled jobs require a considerable 
amount of job knowledge and judgment ability. Even in simple jobs there is 
much basic job information that the worker must acquire. The more complicated 


technical jobs involve both basic and highly specialized technical knowledges 
and related skills, which must be taught. In skilled jobs, the training given 
through direct supervision is seldom complete within itself in developing basic 
airmen into skilled workers. In such cases, formal technical training courses 
should be utilized to the fullest extent. Workers who come to the job with a 
fair technical background and some experience can acquire much of the needed 
job knowledge information through self-study and other self-improvement 
methods. 


GROUP INSTRUCTION is a practical adjunct to direct supervision and 
self-study. It is a time saver when several workers are to be instructed in 
the same job knowledges or procedures. It provides opportunity for frank 
discussions and group problem-solving. It develops good judgment characteristics, 
provides time to motivate the trainee, and leads to better cooperation among the 
workers. It affords an opportunity for the supervisor or trainer to check train- 
ing progress and clarify matters which are difficult for the trainees to 
under stand. 


Do not confuse group instruction with classroom or so-called "academic- 
type" instruction. The two are not the same. Academic-type instruction will 
certainly hinder production; while 5 group instruction, intelligently used, can 
expedite production. For example, suppose you have six trainees learning the 
same job. Four of the trainees are having trouble with a certain job element, 
while the other two have it ''cold.'' The four men having trouble can be brought 
over to the other two, and in a short time, the difficulties will probably be solved. 
In on-the-job training, this is what we mean by group instruction. 


Let us now consider the key steps in implementing an on-the-job training 
program. 


Step 1 - Survey unit assignments and insure that each assignment is in 
the best possible accord with the individual's classification and 
his specific skills background. 


Step 2 - Determine the exact need for training. To determine this need, 
two things must be established: 


a. The specific job requirements. 
b. The individual skills of the trainee. 


When a and b are known, the on-the-job training required can be 
stated in a simple formula: 


a-b=c (on-the-job training required) 
Step 3 - Determine the method or methods of training which will be most 
effective. Number of people, time available, facilities required, 


nature of training, and individual capabilities are factors which 
will affect this decision. 


11 


Step 4 - Select the people who will actually conduct the training, remembering 
that the end product will be no better than those who conduct the 
program, 


Step 5 - Procure all available materials which may be helpful (such as 
this packaged course) to supplement the program. 


Step 6 - Follow-up. This should be a continuous monitoring job to insure 
that the program does not lag, that training records are kept 
current, and that proper utilization of newly-developed skills 
is being made. 


This is truly a large order. But now, more than ever before, our Air Force 


is dependent upon quality training. It is an important job and it is one that never 
ends. 


iii 


NOTE TO THE SUPERVISOR 


This manual contains review material which will allow the student and the super- 
visor to make easy transitions to the more advanced material. These references are 
deliberate and necessary to keep the text materialon anadequate level for understand- 
ing. 


Air Force Manual 35-1 delegates the responsibility of carrying out OJT to the 
immediate supervisor of airmen. To conduct OJT you need to know the following: 


1. What skills and knowledge your airmen are required to learn. 
2. How to plan OJT. 

3. How to teach. 

4, Where you can get textbook material. 

5. How to make the airman apply what he is learning. 

6. How to test the airman. 

7. How to record and report training. 

Chapter 1 of this manual tells you and the airman what must be learned. The 
Appendix tells you how to plan OJT and how to train airmen. It also explains testing 
and tells you how to record and report training. The remaining chapters of this man- 
ual are written in textbook form and contain the lesson materials you will need in 
teaching. At the end of most chapters are tests and applicatory projects which help 
the airman to know, to explain, to use and thus to learn his lessons. Remember the 
key purposeof an Air Force is combat effectiveness. Combat effectiveness requires 


thorough training of every man. Turn at once to the Appendixand learn how tocarry 
out your training responsibilities. 


Navies 
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recognized both in the Air Forceand the civilian community. Because the radiologist 
frequently has time only for the interpretation of the X-rays, the technician has the 
responsibility, in many cases, for producing them. This requires knowledge, ma- 
turity and judgment of a professional quality. 


X-ray is anoutstanding tool, not only in medicine, but in industry and research, 
After your retirement from the Air Force, the knowledge and training you will have 
received will open future doors of opportunity. You will be called upon to do many 
strange things with your knowledge. You will be able to tell police officers if a dia- 
mond is real, or a fruit grower facts concerning the condition of his crop. You will, 
in the future, preserve foods with radiation. You will help to reveal the mysteries 
of the molecular structure of substances. You will find unseen flaws in the parts of 
jet engines and because of your training you may save a pilot's life. 


In our field of medicine, you will be amazed at the wonders you will encounter, 
You will operate machines that will show the motion of the heart; you can see the act 
of swallowing; and youcan cut the body into sections without a knife by using X-rays. 
You will use radioactive isotopes to locate tumors in the eye, find death-dealing blood 
clots in the veins and check the amount of iodine that is stored in the thyroid gland. 


You will meet and work with physicians who respect your knowledge. The clin- 
ics, in which you will work, will be clean, warm and pleasant. Educational oppor- 
tunities will be open to you from service schools, national X-ray societies, meetings 
and conventions. You can be registered like a nurse or medical laboratory techni- 
cian. Your pay will usually be high, both in money - and more importantly - in the 
rich satisfaction you will find inreal service to your fellow man. Radiology is a good 
field.........a field with a future! Let us see now how to reach for the future with 
the. .ccccccccves 


RADIOLOGY CAREER LADDER 


Because the Air Force realizes the need for men to advance, both in skill and 
maturity, it has designed specific career ladders within each career field. 


YOUR AFSC 


Before we go to the ladder, let us review the AFSC, This will be a very im- 
portant thing to you throughout your career in the Air Force. The AFSC stands for 
Air Force Specialty Code. 


For an example, we will use the AFSC for the Apprentice Radiology Specialist 
90330. 


As you see, the code has five numbers to it. The ''9"' indicates a separate and 
distinct "occupational area'' known as the ''Special Service.'"' In this area you have 
the Air Police, Medical and Personnel Services, etc. The "0" tells us that we are 
in the medical branch or one of the subdivisions of the Special Services occupational 
area, Whenever you see "90" you will know that it will be a medical AFSC. 


Within the medical branch there are twenty different ''Career Fields’. The 
third number, the ''3",, then, is the radiology career field. Again, whenever you see 
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"903" it will mean the radiology career field of the medical branch. 


The fourth number, number ''3"', describes your skill in the field. There are 
three levels of skill in the Air Force. The "3" level is an apprentice, the ''5" is the 
specialist, and the ''7"' is the technician. You can compare these to the apprentice, 
journeyman and master ratings given in the construction trades, 


The last number, ''0"' is used to show a further subdivision within the radiology 
career ladder. In the radiology field there is no further subdivision so the number is 
just "0". Thus, a 90350 is a Medical Radiology Specialist. With these points in mind 
let us take a look at the radiology career ladder. . 


MEDICAL 
SUPERINTENDENT 


AFSC 90000 


RADIOLOGY 
TECHNICIAN 
AFSC 90370 


ADVANCED 
RADIOLOGY 
COURSE 


RADIOLOGY 
SPECIALIST 


RADIOLOGY 
APPRENTICE 


AFSC 90330 





MEDICAL 
HELPER 


APSC 90010 


CE} LE) Leite] |e) Ls) Ls) 





Figure 1-1] Radiology Career Ladder 


This ladder shows you what positions you must pass through to get to the top. 
There are five positions on this ladder. They are the medical helper, apprentice ra- 
diology specialist, radiology specialist, radiology technician and the medical super- 
intendent. 


You should now become interested in the .......cccecs 


ADVANCEMENT PROCEDURES 


When you came into the Air Force you were assigned the AFSC of 00010. This 
designated you as being a basic trainee. After your selection of the medical career 
field and completion of training, you arrived at your hospital where you were given 
AFSC 90010, Medical Helper. This, then, is where you start to climb the ladder. 


As a 90010 Medical Helper you have no particular skill in any of twenty career 
ladders in the medical branch. You want to learn and advance in the radiology career 
field. What steps must you take to reach the top? From 90010, Medical Helper you 
must go to 90330, Apprentice Radiology Specialist. The first thing to be done is to 
place you on OJT. OJT means On-the-Job Training. This training will be given to 
you by the radiology technician or the radiology specialist. He will teach you as you 
work. You will be required to spend from sixty to ninety days in this training. 


When this training period is over and your supervisor feels you are prepared, 
he will recommend that you take the Radiology AFJKT. The AF JKT means the Air 
Force Job Knowledge Tests. If you successfully pass this test, the supervisor will 
recommend that you be "upgraded" to 90330, Apprentice Radiology Specialist. With 
this AFSC you can be promoted to airman second class, 


From 90330, Apprentice Radiology Specialist you must go to 90350, Radiology 
Specialist. With this AFSC youcan advance to airman first classand staff sergeant. 
Again, you will be placed on OJT. Your work will increase in responsibility and you 
will be performing more complex examinations in your department. You will work 
again for a period of sixty to ninety days. If your work shows that you have learned 
the skills required of a 5 level technician, your supervisor will recommend that you 
be upgraded again. However, before you can be awarded the 5 skill level, you must 
take and pass the 90350 APT. The APT is the Airmen Proficiency Test. This test 
is given to all airmen going from 90330 to 90350. You can take this test at any time 
during your OJT training, but generally this is done at the end of such training. 


This test is given periodically through the year. To take this test you must 
have held your 90330 AFSC as a "primary" for at least sixty days. Youcanalso take 
the test if you have beenassigned a "duty'' AFSC of 90350 for a period of sixty days. 
(Reference for this is found in AFM 35-8). 


This test has three scoring categories. Category "A'' will mean that you are 
fully qualified to perform the duties of a 90350 as far as knowledge is concerned. 
Category '"B'' means that you are on the borderline and must either retake the test or 
meet aclassification board to get the 90350 AFSC. Category "C'" makes you unquali- 
fied for the AFSC and you must retake the test. 


If you take the test and find that you are in Category "C" you will retake the 
test. In the event that you fail the second time, you will be required to meet aclassi- 
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fication board who will determine whether you can progress in the radiology career 
field or whether it would be better for you to retrain in some other field. You will 
not be able to retake the test a third time unless the classification board feels it is 
the best course of action. 


Assuming, now, that you have successfully gained your 90350 AFSC, where do 
we go from here? 


Your next stepis 90370, Radiology Technician. OJT, once again, is your course 
of action. This, too, is for a period of sixty to ninety days. Upon completion of your 
OJT, you must take your 7 level APT. Here, however, to take the test, you must 
have held your 90350 AFSC as a primary AFSC or the 90370 asa "duty'' AFSC for 
ninety days. With the 90370 AFSC youare eligibile for advancement to technical ser- 
geant and to master sergeant, 


The end of the ladder is the 90000 Medical Superintendent. This is the warrant 
officer. There are four grades in which you can advance, The top grades receive 
pay equivalent to the field grade officer rank of major. 


To become a warrant officer you must have passed your 7 level APT, the war- 
rant officer supervisory test, and have beena master sergeant fora period of at least 
one year prior to announcement of the application period. As a master sergeant you 
cannot exceed forty-two years of age nor have more than twenty-six years of service 
at the time of your appointment, 


There is your ladder. Do you know now what you have to do to climb it? Good 
luck! 


YOUR DUTIES IN RADIOLOGY 
Just what kind of work will you be doing in radiology ? 


First, as you know, you will be placed on OJT. The jobs that you will be doing 
are given in what is known as a Job Training Standard. This standard is found at the 
end of this chapter. In this standard you will find a series of general job areas with- 
in the radiology field. Under each job area you will find the job elements or the more 
exact parts of these jobs. An example of this is the general area of the dark-room. 
If you will look at that area you will see where there is the element "Loads and un- 
loads film holders and hangs film properly in film hangers", This means then that 
you will be learning and doing this job. This still is somewhat general because there 
are many types of film, film holders and hangers. You will learn to know and use 
each kind. 


To the right of these elements you will notice three columns. Thecolumns have 
a number after each job element under each skill level. This number tells you how 
well you have to knowthat job element before you can qualify for the 3, 5, and 7 level, 
This is a code number and is explained to you at the beginning of your Job Training 
Standard. 


To learn, then, is your first duty! 


While you are training for your apprentice skill level you will be doing things 
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like developing X-rays, setting up machines and tables for simple X-ray exposures 
and positioning patients for hand and arm X-rays. You will take care of the recep- 
tionist desk where you will answer the telephone, check and write down the names of 
patients who come in for X-rays, match films with request forms and file these films. 


Later on as you become an apprentice you will begin to do more of the routine 
examinations, operate the more complex equipment, do a few special procedures with 
your OJT trainer and practice good radiation protection. All during this time, you 
must continue to learn. It is important to you! It is important to radiology! 


The specialist and technician duties are to be found in the 90350 and 90370 job 
description. You will find these in AFM 35-1. Read these to see what you will be 
doing at these levels (Figure 1-2). 


AIRMAN AIR FORCE SPECIALTY 
RADIOLOGY SPECIALIST 
1. SPECIALTY SUMMARY 


Operates fixed and portable X-ray machines to take radiographs and to sssist radiologist in 
2. DUTIES AND RESPONSIBILITIES 


treatment of disease. 


a. Operates X-ray equipment to take redio- 
grephe: Prepares X-ray machine by adjusting 
control panel settings such as voltage, amper- 
age, and time of exposure. Places patient in 
radiographic position for desired radiographic 
examination. Positions loaded filmholder, ad- 
justs table or cassette changer, attaches cones 
or cylinders, and alines tube for distance, angle, 
or position. Exposes film to X-rays according 
to established factor charts and standardized 
procedures. Takes more difficult radiographs 
such as gastrointestinal or gall bladder series 
under immediate supervision and instruction of 
radiology technician or radiologist. Removes 
exposed film and processes it according to stand- 
ard radiographic darkroom procedures. 

b. Assists radiologists in treatment of die- 
ease by radiation therapy: Operates X-ray ma- 
chine in accordance with instructions of radi- 
ologist. Attaches cones and filters to X-ray 
tube and sets controls of machine. Places the 


keeps record of patient’s blood count. 

c. Engages in general radiology activities: 
Performs duties such as mixing solutions for 
film processing, loading and unloading cas- 
eettes, preparing barium sulphate solutions, 
cleaning equipment and clinic, and maintaining 
files of films and petients processed. Performs 
daily maintenance of equipment used in ac- 
tivity. 

d. Supervises radiclogy personnel: Assigns 
tasks of elementary nature that furnish prereq- 
uisite training required for more advanced tech- 
nical training. Evaluates work accomplished 
by assistants and determines progress made. 
Conducts on-the-job training in techniques of 
operating equipment used in activity and tak- 
ing radiographs, 


8. SPECIALTY QUALIFICATIONS 


a. Education: 

(1) Knowledge of fundamentals of anet- 
omy and physiology ; theory of physics and eleo- 
tricity as related to radiology; and techniques 
of operating X-ray equipment and developing 
radiographic film, is mandatory. Attaining a 
qualifying score on the APT applicable to the 
specialty described herein satisfies these mande- 
tory knowledge qualifications. 

(2) High school level courses in anatomy, 


» biology, and chemistry, are desir- 


b. eee ri erlang a functions sach 
as operating and maintain ra uipment, 
taking and developing fudicgrarba or =o 
in treatment of disease by radiation therapy, is 


c. Training. Completion of a radiology 
course is desirable. 


d. Other. 


Ph 1 serial 229331 
desirable for talent eae ” 


4. SPECIALTY DATA 


a. Grede Spread: Airman second class 
through staff sergeant. 


b. Source Job (D. 0.7.) : 
X-Ray Technician. 





Figure 1-2 Job Description 
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In some medical organizations you will be called upon to perform in all three 
levels of the radiology career field skills. You cannot and must not divide each skill 
level with a line. Overlapping is common and necessary for you to learn and gain 
essential experience, Airmen in radiology look constantly to gaining new knowledge 
and responsibility. Now, how do you fit into........... 


THE ORGANIZATION OF THE RADIOLOGY SERVICE 


The primeand only reason for the existence of the Air Force is to "protect and 
defend the United States of America''’. This, as you know, isa big job. The Air 
Force has to get the most possible strength out of its weapons and men. 


The mission of the Medical Service is to see that these men are kept healthy 
and capable of working. It is the job of the Medical Service to see that these menare 
on the job. 


The Radiology Service plays a great and vital part of the Medical Service's mis- 
sion. The Radiology Service's mission is to provide diagnostic aid to the physician 
and to treat disease with radiation. 


To carry out a mission effectively it must have organization. Each department 
or section in your hospital must know what is to be done and who is to doit. This 
organization is shown at all levels by what is known as organizational charts. These 
charts area series of blocks and lines which show each separate service in your hos- 
pital. The lines show you the ''chain of command", 


You are part of this organization. Let us build an organizational chart and find 
your place on it. At the top of your hospital organization is the commander, This 
commander is responsible for the entire hospital. Beneath the commander is the 
director, professional services. He is responsible to the commander for all of the 


professional services in the hospital. These services include laboratory, surgical, 
aeromedical, medical, nursing, out-patient and radiology. 


YOUR CHAIN OF COMMAND 
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The chief, radiology service, is then responsible to the chief of professional 
services, The chief of radiology is either a radiologist or a physician experienced 
in interpreting X-rays. He is responsible for supervising the radiology department. 
Directly beneath the chief, radiology services is the NCOIC. It is his duty tosee that 
the department carries out its work. 


You are responsible to the NCOIC, 


YOUR MISSION ......... AND THE TEAM 


You, too, have a mission. You are also a very big part of the team.,....the 
radiology team, the Medical Service team and the Air Force team. Your mission is 
to learn and apply all you can to your field. Your field wants you and needs you..... 
but it needs the best. Pride in your work and confidence in your knowledge will give 
satisfaction and advancement both to you and the Air Force. 


OJT PROGRAM OUTLINE AND TRAINING STANDARD 


Apprentice Radiology Specialist AFSC 90330 

Radiology Specialist AFSC 90350 

Radiology Technician AFSC 90370 
SECTION I - EXPLANATION 


PURPOSE OF STANDARD: 


I. To indicate the job elements and functional knowledge which are necessary for 
an airman to perform in AFSC 90330, AFSC 90350 and AFSC 90370 (Column I, Sec- 
tion I). 

2. To show the minimum skill level recommended for qualification to AFSC 90330 
(Column 2, Section IZ). 


3. To show the minimum skill level recommended for qualification to AFSC 90350 
(Column 3, Section IZ). 


4. To show the minimum skill level recommended for qualification to AFSC 90370 
(Column 4, Section IZ). 


5. To form the basis on which supervisors can plan and conduct individual OJT 
programs. 
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DESCRIPTION OF RESIDENT COURSE: 


A sixteen week course is given at USAF School of Aviation Medicine, Gunter 
AFB, Alabama. It is designed to qualify selected airmen for duties in the Radiology 
Career Field. Instruction covers methods and practice of operating all types of ra- 
diography equipment. To take routine radiographs and to assist the Radiologist in 
fluoroscopic examinations and radiation therapy treatments, Graduates of this course 
are awarded AFSC 90330. 


EXPLANATION OF CODING 


The numbers appearing in columns 2, 3, and 4 are based on the following code 
key. The code numbers following each job element in columns 2, 3, and 4 indicate 
the recommended skill levels to beattainedinan OJT program for qualification to the 
apprentice, specialist, and technician levels. 


CODE KEY 
0. No experience or training on this item. 


1. Has only a limited knowledge or this subject or task. Has not actually used 
the information. Cannot be expected to perform the task. 


2. Has received a complete briefing on the subject or task but can use the 
knowledge or skill only if assisted in every step of the operation. Requires 
much more training and experience. 


3. Understands the subject or task to be done. Has applied part of the know- 
ledge either on the actual job or on a trainer. Can do the job if closely 
supervised in the more difficult parts. 


4. Understands the subject or task to be done and has done the job enough 
times to make sure he can do it. Needs more practice under limited 
supervision. 


5. Has a complete understanding of the subject or task. Can do the task com- 
pletely and accurately without supervision. 


6. Has a complete under standing of the subject or task, can do the task com- 
pletely and accurately without supervision, and can apply the techniques 
and skills to similar equipment or situations. 
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SECTION I 


PROFICIENCY LEVEL AND PROGRESS RECORD 





1, RADIOLOGY CAREER FIELD - AFM 35- 


a. Is familiar with the Radiology Career Field 3 5 6 
b. Understands progression steps in Radiology Career 
Field 3 6 6 
c. Understands the duties of the airmen in Radiology 3 6 6 
d. Understands the organization of the Radiology Service 3 6 6 
2. HISTORY AND PHYSICS OF X-RAY 
a. Is familiar with the history of X-ray 3 5 6 
b. Understands the nature of X-ray 2 5 5 
c. Understands the principles of electricity 3 5 5 
d. Understands the basic structures and functions of 
the X-ray machine 3 5 6 
e. Understands the structure, capacity and types of 
X-ray tubes 4 5 6 
3. ELECTRICAL & RADIATION HAZARDS & PROTECTION 
a. Understands the hazards that exist in Radiology 4 6 6 
b. Understands the permissible ''r'' dosage 5 6 6 
c. Protects himself and others from existing hazards 5 6 6 
d. Understands the methods and importance of 
radiation detection 5 6 6 
4. ANATOMY AND PHYSIOLOGY 
a. Has a good working knowledge of anatomical 
and medical terms 4 5 6 
b. Knows the names of the bones of the body and the 
various structures of these bones 4 5 6 
c. Knows where each bone of the body is located 4, 5 6 
d. Knows the systems of the body, the organs making up 
that system and the location and physiology of these 
organs 4 5 6 
e. Knows and uses planes, lines and landmarks to 
locate organs and bones of the body 4 5 6 
5. NURSING PROCEDURES IN RADIOLOGY 
a. Handles sick and injured patients 3 5 6 


b. Knows and performs isolation, clean and sterile 
techniques 3 5 6 
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c. Knows emergency procedures 
d. Maintains a clean and orderly working area, 
equipment and department 5 5 6 


6. RADIOGRAPHIC TECHNIQUE 


a. Knows what KVP, MAS and distance are and how 

they are used 4 5 6 
b. Knows what detail, contrast, distortion, density and 

magnification are and how each is related to the Four , 

Prime Factors 4 5 6 


c. Knows exposure mathematics and can use them in 
computing exposures 4 5 6 


d. Understands the types of holders, film and intensifying 
screens used in radiology and how to use and maintain 
them 4 5 6 

e. Knows and understands what cones, cylinders, 
diaphragms, grids, buckys, filters and spot film 
devices are, and can use them properly in 
examinations 

f. Knows and applies the various types of exposure charts 

g. Familiar with effects pathology has on exposure factors 

h. Adjusts control panel and table for exposures 


bh N hb hh 
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7 RADIOGRAPHIC POSITIONING 


a. Prepares and instructs the patient on the things he 

is to do during an examination 4 5 6 
b. Prepares and places on films all information necessar 

to identify patient, side, special procedures, times of 


examination, etc. 4 5 6 
c. Uses positioning devices and immobilization aids 

needed in the examinations 4 5 6 
d. Positions the patient, film and tube in proper align- 

ment for routine exposures 4 5 6 


8. DARKROOM PROCEDURES 


a. Operates darkroom equipment . @ 6 6 
b. Prepares film processing solutions 5 6 6 
c. Loads and unloads film holders and hangs film pro- 

perly in film hangers 5 6 
d. Processes film through the developer, rinse, fixer, 

wash and dryer 5 6 6 
e. Knows the cause and prevention of the more common 

artifacts caused by improper darkroom procedures 3 5 6 
f. Understands special processing procedures and film 

identification 3 5 6 


g. Keeps darkroom and darkroom equipment clean 
and orderly 5 6 6 


SPECIAL TECHNIQUES AND PROCEDURES 


a. Understands the purpose, technique, positioning, 
contrast media, special precautions and equip- 
ment needed for the standardized special procedures 


(1) Digestive System 
*(2) Circulatory System 

(3) Respiratory System 

(4) Urinary System 
*(5) Nervous System 
*(6) Genital System 


b. Understands the purpose, technique, positioning, 
special precautions, and equipment used in 
special techniques 


*(1) Foreign Body Location 
(2) Stereoscopy 
(3) Pelvimetry 

*(4) Photoflourography 


10.*RADIATION THERAPY 


Understands the theory and principles of radiation 
therapy 

Knows how to prepare patients for treatment 
Knows how to set up the therapy unit, use auxillary 
equipment and adjust control panel and tube 
Maintains therapy records 


ll. FIELD AND PORTABLE EQUIPMENT 
*a, Field X-ray Equipment 


(1) Can assemble, disassemble, and operate field 
equipment 

(2) Understands the more common breakdowns of 
field equipment and their correction 


b. Portable X-ray Equipment 


(1) Operates portable unit 
(2) Develops positioning and exposure techniques 
in a bedside situation 


NOTE: 
* Elements, functions or knowledge so marked are not required for comple- 
tion of the OJT program, unless equipment required is available in the section. 
The On-the- Job Trainee, should, however, become familiar with the 





EQUIPMENT MAINTENANCE 


a. Analyzes minor malfunctions 3 5 6 
b. Performs first echelon maintenance within 

permissible limits 2 5 6 
c. Knows how and does obtain maintenance and repairs 

on radiographic equipment by using supply procedures | 4 5 6 


13. RADIOLOGY DEPARTMENT ADMINISTRATION 


a. Understands and observes proper medical X-ray ethics | 5 6 6 
b. Performs receptionist duties such as answering tele- 

phone; maintaining daily patient logs, appointment 

schedules, correspondence and report files, nominal 


index files and film files 4 6 6 
c. Disposes of films and records 4 5 6 
d. Is familiar with department correspondence 4 5 6 
e. Understands and applies the supply procedures related 
to the radiology department 4 5 6 
f, Prepares reports, work schedule, duty rosters and 
personnel actions required in a radiology department 4 5 6 
14, SUPERVISION 
a. Supervises Radiology personnel 2 4 6 
b. Plans and schedules department work load 2 4 6 
c. Evaluates work of subordinate personnel and | 
recommends classification and promotion 2 4 6 
d. Checks all work produced in the department for 
accuracy and workmanship 2 4 6 
e. Uses management and leadership principles in utilizing 
department personnel properly and in settling personal 
differences 2 4 6 
15. TRAINING 
a. Determines the status of training of subordinates 2 4 6 
b. Plans OJT programs 2 4 6 
c. Conducts and supervises OJT program established 
in department | 2 4 6 
d. Maintains training records 2 4 6 
16. MEDICAL SERVICE TEAM 
a. Understands responsibilities as a medical team memben 5 5 5 
b. Participates as a trained member of medical service 
teams in emergency duties 
(1) Cares for patients 4 4 5 
(2) Carries out first aid 4 4 5 
(3) Performs assigned duties during emergencies 4 4 5 


10. 
ll. 
12. 
13. 
14, 
15. 
16. 
17. 
18. 
19. 
20. 
2l. 
22. 
23. 
24. 
25. 


26. 


STUDY QUESTIONS ; 
What does the word "radiology" mean? 
What is radiology dedicated to doing ? 
Why is radiology a good field to enter ? 
What does AFSC mean? 
How many numbers are there in the AFSC? 
What does the ''9'' indicate in the radiology AFSC? 
What does the "90" mean to you? 
What does ''903"' mean to you? 
What does the fourth number of the AFSC designate ? 
How many skill levels are there in the Air Force? 
What does the last number of an AFSC indicate? 
How many positions are there in the radiology career ladder? 
In order, what are these positions? 
What AFSC did you have in basic training? 
What does a 90010 AFSC mean? 
What is the AFSC for the apprentice radiology specialist? 
What is the first thing you have to do in gaining a new AFSC? 
How long are you required to spend on OJT when going from 90010 to 90330? 
What does AF JKT mean? 
What is the AFSC of a radiology specialist? 
To what grade can you be promoted if you are carrying a 90350 AFSC? 
How long do you have to OJT to get a 90350 AFSC? 
Before you can receive your 90350 AFSC, what test must you take? 
When are you eligible to take this test? 
How many times a year is this test given? 


How long must you hold a 90330 AFSC as a '''primary" before you are eligible 


27. 


28. 


29. 
30. 
31. 


32. 


33. 
34. 
35. 
36. 
37. 
38. 


39. 


40. 
41. 
42. 
43. 
44, 
45, 
46. 
47. 
48. 
49. 


50. 
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to take the 90350 test ? 


How long must you hold a "'duty'' 90350 AFSC before you are eligible to take 
the test? 


If you take the test and are in Category ''B", what must you do to get a 90350 
AFSC? 


What does it mean if you take the test and are scored in Category "C''? 
What position follows the radiology specialist position? 
How long must you OJT to get a 90370 AFSC? 


How long must you hold a primary 90350 AFSC before you are eligible to 
take the 7 level test? 


Which grades can you be promoted to if you hold a 90370 AFSC ? 
Which AFSC is held by a medical superintendent ? 

To become a medical superintendent, what two tests must you pass? 
What is a job training standard? 

What is a job element? 

What is your first duty when you enter the radiology career field? 


Name some of the things that you will be doing as you are training to the 
apprentice level ? 


What will you find in the 90350 and 90370 job descriptions ? 

Where can you find these job descriptions ? 

What is the mission of the Air Force? 

What is the mission of the Medical Service? 

What is the mission of the radiology service ? 

What is an organizational chart? 

How do you know what the ''chain of command" is in an organization ? 
Who is responsible to the hospital commander ? 

Who is the chief of radiology services responsible to? 

Who are you responsble to? 


What is your mission in the radiology field? 


What three teams do you belong to now? 


WORK PROJECTS 


Go to your personnel section and ask the sergeant major or the first ser- 
geant to let you see AFM 35-1. Read the job descriptions for the 90350 
Radiology Specialist and the 90370 Radiology Technician. 


Ask your OJT supervisor to explain to you the instances when an airman 
first class can hold a 90370 AFSC. 


Draw an organizational chart of your hospital radiology department. Place 
both the positions and the names on the chart. Include your position. 


If you are near a population center, contact some of the radiology depart- 
ments in the civilian hospitals and find out if there is an active X-ray 
Society organized in the community. 


. Have your OJT supervisor go over the local policies on classification and 


promotion with you. 
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HISTORY OF X-RAYS 


BACKGROUND. The history of X-ray began with the discovery, by the Chinese, 
of the lodestone. This discovery started man on the quest for knowledge of electri- 
city and magnetism and this knowledge led to scientific progress which ultimately re- 
sulted in the discovery of X-rays. Mensuch as Guericke and Boyle worked on vacuum 
pumps. Newton, Gray and van Mussenbroek worked with electricity and discovered 
the principles of electrostatics. Our own Franklin gave us the "positive'' and "nega- 
tive'' that we know today. There were the discoveries of Galvani, Volta and Oersted 
who worked with batteries and disclosed the link between electricity and magnetism. 
Ohm gave to us the laws of relationship between current, voltage and resistance. 
Hittorf and Crookes worked with gases in vacuum tubes and revealed the cathode ray. 
These men and their work were essential to the discovery of X-ray. 


DISCOVERY. While working with a Crookes tube, November 8, 1895, Professor 
Wilhelm Conrad Roentgen, a physics professor of Germany's University of Wurzburg, 
discovered a new invisible ray. He had been making experiments in his laboratory to 
reveal the nature of cathode rays and what effect these rays would produce, These 
experiments were connected with the problem of passing high tension currents through 
a tube and deflecting the rays from a straight path by magnets, This meant that cath- 
ode rays had an electrical charge of some kind. These rays would also cause fluo- 
rescence of the glass at the end of the tube. It was this fluorescence that interested 
Roentgen. On the day of the discovery of X-rays he had covered the tube with black 
paper which would screen out the cathode ray. When he connected the terminals of 
his apparatus he noticed a strange phenomenon. Although the tube was completely 
covered with black paper, he saw a fluorescent glow on the barium plantinocya- 
nide screenacross the room. He quickly realized that he had seen an effect of acom- 
pletely new type of invisible ray. Though this ray must have been produced before 
by others working with the Crookes tube he was the first to see the effect of X-ray. 
He named the ray the "X"' ray. ''X" was for unknown. 


In the few weeks that followed his discovery, Roentgen experimented with the 
ray so thoroughly that little could be added to his work until years later. The pro- 
perty of the ray, which could cause exposure of a photographic plate, and his first 
X-ray of his wife's hand revealed the amazing possibilities to the medical field. Be- 
cause of his work and discovery, Roentgen was awarded the Nobel Prize for physics 
in 1901. 


Immediately after his findings had been published, work was begun by countless 
other people to put the new knowledge to work. The medical profession was one of 
these groups. At first, practical application was difficult. The equipment was poor 
and it sometimes required a physicist to make an exposure. Progress was impaired 
when people began to complain that they had undesirable physical reactions from the 
new ray. 


MILITARY ROLE IN ADVANCING X-RAY 


One must realize that at first the X-ray machine was but a toy to most. How- 
ever, a few men continued to work and develop machines which were forerunners to 
our present day equipment and techniques. In World War I the use of X-rays began 
to take on real importance. The military physicians who were highly concerned with 
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bullet wounds and fractures began to realize the great value of X-rays in diagnosis, 
and the first school that specialized in radiology instruction was set up by the Army 
at Camp Greenleaf near Chattanooga, Tennessee. 


THE HOT CATHODE TUBE, Prior to the invention of the "hot cathode tube'' X- 
ray tubes had been filled withgas. These gas tubes were highly unsatisfactory. W.D. 
Coolidge of General Electric Company experimented with a hot cathode tube and de- 
veloped the principle which later was to be generally applied in common X-ray prac- 
tice. Coolidge supplied a number of other inventions that provided the basis for much 
of our modern day equipment. 


THE FUTURE OF X-RAY. The work of these brilliant pioneers led to the pre- 
sent day use of X-ray as a great applied science. Progress in the use of X-ray con- 
tinues and it has a tremendous possibility for future development. The discovery and 
the advancement of X-ray has given man longer life and its future progress will add 
even more years to his life. As you work with the highly trained and inventive doc- 
tors of the USAF Medical Service, you may help make additional history in X-ray. 


Turn yourself now to the task at hand and begin to learn what you should know 
BD OU S625 aK 6 ce Wiare e655 eee 


X-RAY PHYSICS 


Where does one start to learn X-ray physics? Because you are dealing with 
radiation you must encounter the term ‘‘matter" and the term "energy". These two 
things have a great deal to do with your understanding of radiation. You will start 
With 6 66-65-4460 66.645 2 E 


MATTER 


Matter is anything that has weight and occupies space. Think of this and repeat 
it to yourself, Look about you now. You see matter as a chair, a pencil or a piece 
of paper. Each of these things has some weight and occupies a certain space. All of 
them have length, width and depth. Because of their three dimensions they have a 
volume that you canmeasure. If you took the chair youare looking at and compressed 
it into a square lump you can see that it would still be matter. It would occupy space 
and have a specific weight. Keep this concept of matter in your mind as you study. 


ENERGY 


Energy is the ability of a piece of matter to do work. In thinking of this you 
have to think in slightly different terms than you have used before, WORK, in the 
sentence above, is the amount of FORCE necessary to move one object from one 
position to another position. If you put your finger at the end of your pencil and 
shoved the pencilacross the table you have done work. This work required energy. 
The energy that shoved the pencil came from your muscles. Your finger and mus- 
cles are matter. 
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electronand a neutron, what do these atoms look like? You know what amarble looks 

like, Picture the atom in your mind as being round like a marble. You will take this 
marble and divide it into three smaller marbles. Then you will drawa circle. You 
will take the three little marbles and paint one red and call it a proton. The second 
marble you will paint blue and call it a neutron. You will put the red proton and the 
blue neutron real close together so they stick to one another and place them in the 
center of your circle. What you have made is to be called the NUCLEUS OF THE 
ATOM. The nucleus of an atom is made up, then, of a red protonand a blue neutron. 

The last marble you will paint green. You will call this marble an electron and put 
it in the line that you drew to make the circle. This line of the circle is to be called 
the ORBIT of the atom. The green electron, then fits in the orbit of an atom. 


Now let us show the green electron so that it moves around the circle line we 
have drawn. Round and round it goes about the red protonand the blue neutron or the 
nucleus, This is how an atom looks (Figure 2-2). 


© 
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Figure 2-2 An Atom 


WHAT HOLDS THE ATOM TOGETHER? In looking at your atom you see the 
nucleus and the orbit. In X-ray and radioactivity you are interested in finding out 
more about them. What is it that makes the electron go around the nucleus without 
trailing off? Why don't the electron and proton get closer together? If atoms make 
up elements, what kind of atom is in each different element? 


An electron is the lightest part of the atom. It weighs only 1/1845 as much as 
the proton, but it has the same amount of electrical charge that the proton has. Re- 
member that the electron has a negative charge. Remember also that the electron is 
spinning round and round the nucleus. Although the proton has a positive electrical 
charge the electron gets just so close because the spinning action of the electron, 
which is kinetic energy, counterbalances the attraction exerted by the proton. In 
other words, although the protonand electronare strongly attracted toward each other, 
the electron has enough kinetic energy to overcome complete attraction to the proton. 
It is a miniature tug of war that ends inatie. The electron cannot go flying off be- 
cause it does not have enough kinetic energy to completely overcome the pull of the 
proton. 


ATOMIC NUMBER AND ATOMIC WEIGHT. Now you have answered some of 
your questions. However, let us see what kinds of atoms make up the different ele- 
ments. There are different atoms for each element. All of these atoms have pro- 
tons and electrons. Only one element, hydrogen gas, has no neutron. 


The key to the different elements is the NUMBER OF ELECTRONS SURROUND- 
ING THE NUCLEUS, . YOU MUST ALSO KNOW THAT FOR EVERY ELECTRON IN 
THE ORBIT OF THE ATOM THERE IS AN EQUAL NUMBER OF PROTONS IN THE 
NUCLEUS, 
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The number of electrons in an atom of an element is the ATOMIC NUMBER of 
that element. For example: 


@ Hydrogen has one electron in its orbit. Its atomic number is ONE. 


@ Uranium has ninety-two electrons in its orbit. Its atomic number is 
NINET Y-T WO. 


You should also know about the ATOMIC WEIGHT of anelement. This is of im- 
portance to you when we explain isotopes and radioactivity to you in the therapy sec- 
tion. 


‘The atomic weight of an element is the NUMBER OF NEUTRONS AND PROTONS 
IN THE NUCLEUS OF AN ATOM. You can always find the number of neutrons in an 
atom if you subtract the number of electrons or the atomic number from the atomic 
weight. Remember that there is an equal number of protons to electrons so what is 
left must be neutrons. For example: 


@ Uranium has an atomic weight of 238. Its atomic number is 92. This 
means that there are 92 electrons in its orbits and also that there are 92 
protons in its nucleus. The number of neutrons in an atom of uranium is 
then 146. 


ENERGY LEVELS OF THE ATOM. Return now tothe electron andthe elements. 
There are 98 knownelements. Because each element has its own atomic number this 
means that there are atoms with 1 to 98 electrons in their orbits. Because of the 
number of electrons, an atom must have a number of orbits. In other words, there 
will be a number of circles around the nucleus and each circle will hold a certain 
number of electrons. These orbits have been given letter names and are also known 
as ELECTRON SHELLS. Starting near the nucleus they are K, L, M, N, O, P and 
Q. (Figure 2-3). 





Figure 2-3 Electron Shells 


Each one of these shells will only hold so many electrons. The 'K" shell will 
only hold 2 electrons. If an atom has 3 electrons, like lithium, the third electron 
must take its place in the L orbit or shell. The 'L" shell will hold 8 electrons. The 
"M" shell will only hold 18 electrons. The remaining shells cannot hold any more 
than 32 electrons each. 


Now each of these shells has an ENERGY LEVEL. Thecloser anelectron is to 
the nucleus the higher the energy level. Think about this for a moment. What this 
means is that an electron is more tightly held near the nucleus. It would require 
more energy to remove one of these electrons, say in the 'K" shell, than it would for 
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one in the 'Q" shell. Why is this? Because of the pull of the nucleus, those electrons 
near it are held more strongly. As the distance from the nucleus increases, the force 
of pull is not as strong. Put yourself in an imaginary situation. You are standing in 
front of a huge atom. The nucleus of the atom is formed by protons and neutrons as 
big as basketballs. Around this nucleus, electrons, the size of walnuts, are spinning. 
If you grab one of the walnuts near the basketballs you will really have a tug to get it 
away. However, if you select one out in, say the "Q" shell, you can flick it away with 
your finger. 


One more thing about these energy levels. ...Each one of these energy levels, 
except ''K"', have sub-energy levels. Two of its electrons are closer to the ''K" shell 
than theother. These two sub-energy levels make up the ''L"' shell. The other shells 
have a similar arrangement (Figure 2-4). 


CO. 


Figure 2-4 Sub-energy Levels 


X-RADIATION 


ELECTROMAGNETIC SPECTRUM, What are X-rays? X-rays are part of the 
electromagnetic spectrum. The electromagnetic spectrum is made upof electromag- 
netic WAVE RADIATIONS, These radiations are rythmic electrical and magnetic 
impulses which rise to a peak and then fall to a trough. Electromagnetic waves make 
up the radio waves we hear, the light rays we see, the infra-red rays with which we 
can take pictures in the dark, ultra-violet rays that we use to treat skin disease and 
that cause sunburn, the X-RAY WHICH YOU ARE STUDYING, GAMMA RAYS of the 
atom bomb and the cosmic rays, which at the moment, hinder our travel in space. 
(Figure 2-5). 





WAVELENGTH IN ANGSTROMS 





Figure 2-5 Electromagnetic Spectrum 
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WAVELENGTHS AND FREQUENCY. All of these rays or waves travel at the 
speed of light which is 186,000 miles per second. These rays are recognized by their 
different WAVELENGTHS. Wavelength is the distance from one peak of the wave to 
the other peak (Figure 2-6). 


wavelength LOW FREQUENCY 


waNiength HIGH FREQUENCY |FP FP PP PPA PPP 
PAL M/F PARTE AAU aT 





Figure 2-6 Wavelengths and Frequency 


Now, although the rays are all traveling at the same rate of speed, some of the 
rays will rise to their peaks and fall to the troughs faster than other rays. " This is 
knownas the FREQUENCY of the wavelength. To imagine this, picture a picket fence 
and draw a solid line from the bottom of one picket to the top of the next and so on. 
Now place three rolling hills behind the picket fence and draw a line over their out- 
line. If you remove the fence and hills you will see one line with many peaks and the 
other with three rolling peaks. These lines would represent the frequency of the wave- 
lengths. We could say that there are more peaks per inch in one wavelength than 
another. The more peaks per inch the higher is the frequency. 


X-ray wavelengths have many different frequencies. This is important for you 
to understand in X-ray. This frequency will determine whether you have a SHORT or 
LONG X-ray wavelength. The wavelength DETERMINES HOW FAR AN X-RAY WILL 
PENETRATE THROUGH A PIECE OF MATERIAL (Figure 2-7). 


SLIGHT 


DEEP 


COMPLETE 





Figure 2-7 Penetration of X-rays 


PHOTONS. You know now that an X-ray is an electromagnetic wave or ray. 
This wave or ray, as we said before, is made up of rythmic electrical and magnetic 
impulses. THESE IMPULSES ARE PURE PACKETS OF ENERGY CALLED PHOTONS. 
These photons have no weight and do not have an electrical charge. These photons of 
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energy do not have the same amount of energy. The energy of X-ray photons is de- 
pendent upon the FREQUENCY OF THE WAVELENGTH. Ifyou havea low frequency 
wavelength you will have what is knownas a “long"' or "soft'' X-ray. This long X-ray 
will not have as much energy or penetrate as far as a high frequency wavelength. A 
high frequency wavelength is known as "short" or "hard'' X-ray. REMEMBER.... 
THE SHORTER THE WAVELENGTH THE GREATER THE PENETRATION ! 

X-RAYS, X-rays, then, are weightless packages of pure energy..... photons. 
They have no electrical charge. They travel at 186,000 miles per second. They pene- 
trate matter. Their energies depend upon the frequency of their wavelengths. 

WHAT DO X-RAYS DO? To gain still more understanding of X-rays, it is nec- 


essary for you to know a little more of how they act and what they do. You have had 
some of these things in previous paragraphs but this will be a summary of them. 


HOW X-RAYS ACT 


@ X-rays are invisible. You cannot see, hear, feel, or smell them. 


@ X-rays travel in straight lines. They are not deflected when passed 
through a magnetic field sodo not show an electrical charge. 


@ X-rays travel at the speed of light. 
@ X-rays have a wide range of wavelengths. 


@ X-rays cannot be focused to a point. 


WHAT X-RAYS DO 


@ X-rays expose photographic film. 


@ X-rays cause fluorescence in certain substances. 


X-rays are absorbed in matter. This absorption depends on the 
atomic structure of the matter and the wavelength of the X-rays. | 


X-rays can ionize gases. 
X-rays can discharge electrically charged bodies. 


X-rays can kill or damage living tissue. 


X-rays can cause changes in chemical substances. 


You will learn in later chapters how each one of these properties of X-rays is 
used by the technician, Each one of these facts is a tool for you to use. Now that you 
know what X-rays are, how they act and what they can do let's see about the ....... 
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EXTREMELY RAPID MOTION. This cloud of free electrons is put into rapid 
motion by avery high electrical voltage. In your home you use only 110 volts to light 
your house and to run its appliances. In X-ray you will be using from 30,000 to 
1,000,000 volts. This very high electrical voltage gives the free electrons a mighty 
shove. This shove adds still more kinetic energy to the electrons. Remember that 
a body in motion produces kinectic energy. You must now find a way to......... 


STOP ELECTRONS SUDDENLY. You stop these madly rushing electrons with 
a target made of tungsten metal. When these speeding electrons hit this target they 
are either stopped completely or slowed downa great deal. Whichever happens causes 
these electrons to lose some of their kinetic energy. They have gained this energy in 
their motion. If they are stopped or slowed down they cannot use this energy so it has 
to be converted into something else. REMEMBER THIS! If energy is changed from 
one kind of energy to another kind of energy, the energy that goes into the change is 
equal to the energy that comes out. Thisis quite a mouthful, but read onand you will 
see what it means. 


Asthe electron hits the target and is stoppedor slowed down, its kinetic energy 
is changed to heat energy and X-RAY PHOTONS. The amount of heat energy and X- 
ray energy added together would be the same as the kinetic energy. 


SUMMARY 


This, then, is how an X-ray is produced. Youuse electrical energy to produce 
heat in the filament. This heat produces enough kinetic energy to free the electrons 
slightly. You apply more electrical energy to produce more kinetic energy in the 
electrons. You then stop these electrons suddenly and the sudden stop divides their 
kinetic energy into HEAT ENERGY AND X-RAY ENERGY. 


BEHIND AND AHEAD. You know now many things. You know the history of 
X-rays, and you know about matterand energy. You are aware of the atom, its parts 
and energy levels. You realize what an X-ray is, how it acts and what it can do. You 
have learned the very basic fundamentals of how X-ray is produced. 


But now you go on to learn about electricity and magnetism. This is to helpyou 
understand the parts of your X-ray machine that you must use to produce X-rays. 


ELECTRICITY AND MAGNETISM 


You can't have one without the other! Youcan't have X-rays without electricity 
and magnetism. In this section you will learn the various laws of electricity and mag- 


netism. This is necessary so that you can understand how the various electrical de- 
vices work and why they are arranged in acertain order inyour X-ray machine. You 
will learn what lines of force are, about AC and DC current, how a transformer 
is used and what makes a solenoid work. You will know how and why we have to rec- 
tify currents and understand the principles of the various measuring meters. 


Do not be afraid of this section. The study of electricity and magnetism can be 
amazing and interesting if youapproach it with an attitude of wanting toget acquainted. 
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Gaining knowledge is like gaining friends. Be friendly with people and soon you know 
much about them and they will do all sorts of things for you. Electricity and magne- 
tism are like that. We really don't know what they are, but we know once you get to 
like them that they will help you in many ways. 


You will learn about electricity and magnetism as it affects each device onyour 
machine. The electricity that is coming into your building at this precise moment 
had to be generated somewhere and transported to your light bulb or X-ray machine. 
You will begin from the start of that electricity, but first you will learn what an elec- 
tric current is. 


ELECTRIC CURRENT. Electric current isa FLOW OF ELECTRONS THROUGH 
A METAL WIRE CONDUCTOR, A conductor is material which allows an easy pass- 
age ofelectrons. For current to flow there must bea DIFFERENCE OF POTENTIAL. 
This means that current will flow from a position of HIGH potential to a position of 
LOW potential (Figure 2-9). 


excess negative charges excess positive charges 


POSITIVE 





Figure 2-9 Difference of Potential 


This term "POTENTIAL" must be understood. Potential is the tendency of a 
charge to move from one place to another. It is the ability, not the actual doing, of 
a body to do a certain amount of work. For example, if you took a two-pound rock 
and placed it three feet off the floor this rock could produce much kinetic energy if 
it were dropped. We could figure its potential. 


In electricity we must think along the same lines. Our potential, however, is 
dependent upon the inequality of positive and negative charges (electrons) at two points 
of a wire conductor. In electricity POSITIVE AND NEGATIVE CHARGES ATTRACT 
EACH OTHER, If thereis a highnegative potential, or an excess of negative charges, 
on one end of the wire and a shortage of negative charges on the other end, the ex- 
cess positive charges would attract them and cause a flow of current. Each positive 
charge that attracts a negative charge is satisfied. When ail the positive charges 
attract an equal number of negative charges, then no difference exists. You then 
have a ZERO POTENTIAL. Each charge is neutralized and there would no longer 
be a flow of electrons or current. 
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You know now that electrical current is a flow of electrons. You know also that 
there must be a difference of potential between two points to allow this flow. And you 
know that current flows from negative to positive. 


ELECTRIC CIRCUITS 


Before a current can flow it must have a path. This path is known as the cir- 
cuit. There are three things that are present in any electrical circuit. They are 
voltage, amperage and resistance (OHMS). 





Figure 2-10 Factors of Electric Current 


VOLTAGE, Voltage is the force necessary to move the current through the 
wire of the circuit. It provides the push. Voltage and potential difference can mean 
the same thing. If you have a voltage of 110 you will also have a potential difference 
of 110 between two points on a circuit. When voltage pushes current through a con- 
ductor there is a gradual weakening of its push until after a certain distance the vol- 
tage disappears. The unit of voltageis the VOLT. In X-ray you work with thousands 
of volts and use the term KILOVOLTS in talking about voltage. 1000 VOLTS MAKE 
UP 1 KILOVOLT. 


AMPERAGE. Amperage is the amount of current or electrons flowing per sec- 
ond past any certain point in the circuit. The more electrons flowing past this point 
per second the more amperage you will have in the circuit. The unit of measure of 
this amount of electrons is the ampere. In X-ray you will use one one-thousandth of 
an ampere; milliampere is one one-thousandth of an ampere. As you can see, 
you will be using high voltages and very low current. 


RESISTANCE. Resistance is present in any circuit. Resistance is the reluc- 
tance of the material in the conductor to let a flow of electricity pass through it. The 
unit of resistance is the OHM. In X-ray we use this property of resistance to vary 
the amount of X-rays we produce. The amount of resistance in a conductor is deter- 
mined by four things. They are: 


@ The kind of conductor 
@ The length of the conductor 
@ The cross-sectional area of a conductor 


@ The temperature of the conductor 


TYPES OF CIRCUITS 


You will learn the resistance circuit, the series circuit, and the parallel cir- 
cuit. 


The resistance circuit is the simplest typeof circuit. You will find that knowing 
it will help you to understand more fully the other two. It must have a source of vol- 
tage, a current flowing in one direction, and a resistance. If you takea dry cell bat- 
tery and connect a wire to the terminals you will have a simple circuit. Now place 
a switch and a resistance along the wire and you will have a resistance circuit. CUR- 
RENT WILL ONLY FLOW WHEN IT HAS A COMPLETE PATH TO TRAVEL. If the 
switch is not closed, current will not flow. Whenthe switchis open, or thereis a break 
in the conductor, then the circuit is said to be an OPEN CIRCUIT. When the switch 
is closed it is said to be a CLOSED CIRCUIT. 


The series circuit is quite similar to the resistance circuit. In this type of cir- 
cuit your devices are connected in ONE ROW, This circuitis one which uses current. 
The voltage in this type of circuit drops as it forces current through each device. If 
one of the devicesin a series circuit "burns" out, the current will not travel about the 
circuit; you will have an oper circuit (Figure 2-11). 
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Figure 2-11 Series Circuit 


The parallel circuit is also a circuit that uses current. In this circuit the de- 
vices are connected as branches to the main circuit. In this type of circuit the vol- 
tage is the same through every device. If one of the devices 'burns'' out the current 
will still go through all the others. 


The parallel circuit is the type that is most frequently used. It is the one you 
are using now to light your office or barracks. When additional devices are added to 
a series circuit, each device will use that much more voltage until none of the devices 
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will work the way they should. A string of lights would be all dim when they should 
be bright. 


In the parallel circuit the resistance of the circuit is decreased. This means 
that if the resistance is decreased the amperage is increased. When more devices 
are connected to this type of circuit than should be, the loss of resistance will cause 
you to have too much amperage and will cause the circuit to become OVERLOADED, 
. This overloading is why you use fuses. If the overload passes a certain point, the 
fuse will "blow" and open the circuit (Figure 2-12). 
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Figure 2-12 Parallel Circuit 


You should know now that current is a flow of electrons, the meaning of poten- 
tial difference, that electricity flows from negative to positive, the meaning of voltage, 
amperage and resistance and the types of electrical circuits. Your next step is to 
learn about ...ccccccccccccces 


MAGNETISM 


Magnetism is the ability for metals to attract certain other metals. The idea 
of magnetism is much larger than this, but for your purpose this will give you what 
you'll need. In X-ray we use magnetism in many of the devices of the machine. 


TYPES OF MAGNETS. There are three types of magnets. They are neutral 
magnets like the earth, man-made magnets of hard steel or iron, and electromagnets 
produced by an electric current. 


PROPERTIES OF MAGNETS. You must learn three things about a magnet. 
They are: 


@ Every magnet has TWO POLES, one on each end. One is called the 
North Pole and the other the South Pole. 


@ Like poles of a magnet repel each other. Unlike poles attract each 
other. (This is the same as electrical charges, remember?) 


@ The force of attraction between two poles depends upon the strength 
of the poles and how close they are to each other. For example, if the 
strength of a pole is doubled the force of attraction would be doubled. 
If the poles were one inch away from each other they would have a cer- 
tain amount of attraction, but if they were moved apart two inches or 
the distance between them were doubled they would have only one-half 
the original attraction. 


Like Poles REPEL Unlike Poles ATTRACT 





Figure 2-13 Properties of Magnets 


MAGNETIC INDUCTION. Magnetic induction is the property of magnets to make 
magnets out of pieces of metal that are brought near them. If you have an iron mag- 
net and you bring another piece of iron near the magnet's pole you will "induce'' poles 
in the other piece of iron. 


MAGNETIC FIELDS. Magnets are surrounded by 'magnetic fields''. This is 
what causes the magnetization of other pieces of metal that are brought near it. These 
"fields" aremade up of "lines of force'', The strength of the magnetic field is depen- 
dent upon the NUMBER OF LINES OF FORCE SURROUNDING IT (Figure 2-14). 
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: Figure 2-14 Magnetic Fields 





LINES OF FORCE. These lines of force have some pecularities you should 
now about (Figure 2-15). 


@ They travel in curved lines about the magnet. 


@ It is thought that they leave from the north pole of the magnet and enter 
the south pole. 


@ These lines repel each other when they travel in the same direction. 
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Figure 2-15 Lines of Force 


You should now have the basic facts in mind about magnetism. It is time for 
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ELECTROMAGNETISM 


Whenever an electric current is present there are magnetic fields set uparound 
the conductor. When the current is not on there is no magnetic field (Figure 2-16). 


Magnetic field surrounds 
wire bearing current. a 
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Figure 2-16 Magnetic Field Produced By Current 


ELECTROMAGNETS. Electromagnets are made of coils of wire like a bed- 
spring. They have a south pole on one end and a north pole on the other. A soft iron 
core is inserted into this coil. This concentrates the lines of magnetic force. The 
coil, with the iron core, is also known as a SOLENOID. The electromagnet is used 
in X-ray machines for remote control switches and in relays which you will learn a- 


bout later (Figure 2-17). 





Figure 2-17 Electromagnet 
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ELECTROMAGNETIC INDUCTION, Just as the magnet could "induce" a mag- 
netic field in a piece of iron, electric current causes magnetic fields around a wire. 


Whenever you move a wire through a magnetic field or move a magnetic field 
This is important 


around a wire you will "induce" in that wire an electric current. 
for you to remember. This is known as ELECTROMAGNETIC INDUCTION. The a- 
mount of this induction is dependent on four things. They are: 


@ The speed which this conductor or wire cuts the lines of force in the 
magnetic field. The faster the lines are cut the more voltage induced. 


The more lines of force the more 


@ The strength of the magnetic field. 
induced voltage as they are cut. 
At an angle 


@ The angle formed between the wire and the lines of force. 
of 90 degrees more lines of force are being cut and this will produce 


more induced voltage. 
The more turns the higher the voltage 


@ The number of turns in the wire. 
induced. 


Wire cutting magnetic 
lines of force 


Magnetic lines of force 
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Current being induced 


Figure 2-18 Electromagnetic Induction 


This current will only be produced when this wire is cutting lines of force in 
the magnetic field. Besides the electromagnetic type of induction there is ...... 


SELF INDUCTION. The instant that you close a switchand send electrical cur- 
tent through a wire, that wire produces a magnetic field. This magnetic field ex- 
pands outward like a balloon being blown upuntil it reachesits peakexpansion. While 
it is doing this the lines of force making up that field are cutting the wire and "induc- 
ing" an "opposing" voltage in the wire. When the switch is opened and the electrical 
current is stopped this magnetic field contracts, as when you release the air from 

the balloon it deflates. As these lines of force contract they cut the wire also. This 
"induces" an electrical current into the wire and maintains this current momentaily 

even after the switch has been shut off. This principle is used in a device in the X- 
ray machine that you will learn as you study the parts of the machine (Figure 2-19). 






Current causes expanding 
field to cut wire as the cur- 
rent builds up in the wire. 





As lines fall they cut wire 
inducing current after the 
switch is off. 


CURRENT ON CURRENT OFF 
Figure 2-19 Self Induction 
There is another type of induction you must know about and that is ......... 


MUTUAL INDUCTION. Mutual induction is a very important principle in the 
production of the very high voltage required to produce X-rays. When a current in 
a wire is increased, decreased, or the direction of this current is changed, the lines 
of force are expanding and contracting. Now when you put a second wire near the 
first wire, the lines of force in the magnetic field will cut this wire and "induce" an 
electric current in it. This kind of induction is known as MUTUAL INDUCTION. 
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Figure 2-20 Mutual Induction 


A.C, AND D.C. GENERATORS AND CURRENT 


Electric generators work on the principles of induction. The operation of an 
electric generator is dependent on a magnetic field and a wire cutting that field. On 
the basis of the principle of induction two types of current can be produced with elec- 
tric generators. These two types of current are the alternating current and the di- 
rect current. 


ALTERNATING CURRENT 


Alternating current isa current which flows in awire first inone direction and 
then in the other direction. This reversal of the current, as you should know, causes 
the magnetic field around the wire to change. How is the current produced? 
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To produce an alternating current, an alternating current generator is used. 
This is a device that has a wire conductor rotating between two or more magnets. 
The wire conductor is nowcalled an ARMATURE. This armature is rotated mechan- 
ically between the magnets. The ends of the armature are inserted and connected to 
two round SLIP RINGS, Each end is connected to its own slip ring. The slip rings 
have a METAL BRUSH touching them. Itallows the rings toturn but it maintains con- 
tact with them. These metal brushes are connected to the wires of the circuit. Study 
figure 2-21 and the following explanation carefully. 


If the armature of the generator is moving clockwise, with 1 coming _up, you 
will have a current induced that will travel from 1] through 2 and enter the circuit 
through slip ring 4 and then return through slip ring 3. 


When 1 moves over to where 2 WAS, the current will flow from 2 through l. 
You will notice ring 1 isgoing DOWN. The current will pass out to the circuit through 
slip ring 3 and return through slip ring 4. You see now that when 1 is coming up the 
current is going in one direction. When it is coming down the current, is reversing 
its direction in the circuit. Now you know that this reversing of the current causes 
the current to rigeand fall in strength. It buildsup to a peakand then falls to nothing. 
This happens twice - first when it builds up with the current going in one direction 
and again when the current is going in the other direction. When the current does 
this it is positive in one direction and negative in the other direction. 


One complete revolution of the armature is known as a CYCLE, Within each 
cycle there are two IMPULSES, When the current is going in one direction and is 
positive, it is a POSITIVE IMPULSE, When it is going the other way and is negative, 
it is a NEGATIVE IMPULSE. These impulses are also known, probably more com- 
monly, as alternations. 


In X-ray you will be using equipment that uses 60-cyclecurrent. The 60 cycles 
means that there have been 60 complete revolutions of thearmature. Electrical cur- 
rent has a frequency just as your X-ray wavelength does. The MORE CYCLES PER 
SECOND THE HIGHER THE FREQUENCY of the current. When you hear the term 
"60 cycles", this will mean 60 cycles PER SECOND. This will be the frequency of 
your current as well, When you have 60 cycle current you will have 120 impulses or 
120 alternations per second. Remember this fact about 60 cycle current as it is impor- 
tant that you know this when you learn about X-ray timers and other devices later. 


DIRECT CURRENT 


Direct current is current which does not change direction. The electricity from 
a battery is an example. This typeof current is necessary in the X-ray tube. Alter- 
nating current is used in the other parts of the machine. 


Direct current is produced in the same manner as alternating current, with 
magnets and an armature. Buta D.C. generator does not have slip rings. It has 
one ring that is split into two halves. This is called a COMMUTATOR. Each end of 
the armature wire is connected to one of these halves of the ring. 


When 1 moves up, current is produced and passes through 2. It then travels 
to the circuit through 3 andreturns through 4. Now when 1 is moving down the current 
still passes through 3 and returnsthrough 4. STUDY THIS CAREFULLY UNTIL YOU 
CAN SEE HOW THE CURRENT FLOWS. 
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“Figure 2-21 A.C. 
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The current producedinthe D.C. generator is PULSATING DIRECT CURRENT. 
Because the current does not change direction it will rise to a peak and fall, but will 
not change SIGNS like alternating current. As the wire conductor starts from 0 and 
begins to cut the lines of force in the magnetic field, the current will build up toa 
certain point and then begin to fallas less lines are cut. It is like pumping water from 
a well. 


BEHIND AND AHEAD 


You have covered a number of things to this point that will help you understand 
what is ahead of you. You have learned about electrical current, types of electrical 
circuits, voltage, amperage and resistance. You know some of the properties of 
magnets, about magnetic induction, magnetic fields, lines of force and electromag- 
nets. You should understand what electro-magnetic induction, self-induction and 
mutual induction are. You also have an idea of what alternating and direct current 
is, and how it is produced. 

Ahead of youlies the X-ray machine. You will find out about the major devices 
of the X-ray machine and how these work. You will get to know and understand your 
machine. 


THE X-RAY MACHINE 


Your X-ray machine will generally be divided into three major units. These 
are the control unit, the transformer unit and the tube unit, Most X-ray units also 
have an X-ray table. You will learn about your X-ray machine in this chapter. 


CONTROL UNIT 


The purpose of any control unit is to show you how your unit is operating and 
to allow you to set up the machine for various types of exposures. 


Most controls on X-ray machines will have the following devices: 


Line Switch 

Line Compensator Switch 

Kilovoltage Selectors 

Milliampere Selectors (Radiographic and Fluoroscopic) 


Kilovoltage Meter 


Milliampere Meter 
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6, 10, 15, 30 and 60 amps. Ask your NCOIC to show you what size fuses you use in 
your machine. (Figure 2-25). 
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Figure 2-24 Types of Switches Figure 2-25 Fuses in Circuit 


LINE COMPENSATOR. Voltage coming into your building sometimes varies. 
It may be 110 or 220, but not always exactly 110 or 220. This variation in voltage 
will have an effect on your machine. This variation in line voltage coming into your 
machine is corrected by the line compensator. This device is either connected to 
the mainline by strapsor you have a tap that youcan turn to different settings. Find 
this device on your machine, A voltmeter is placed so you can tell if the machine is 
compensated correctly. It will have ared line on whichyou set the needle of the me- 
ter. When the needle is set the machine has the correct voltage. This device makes 
the machine produce the proper voltage even if the line voltage varies. (Figure 2-26). 


fit 


Figure 2-26 Incoming Line Compensator 


KILOVOLT SELECTORS. In your machine you have a very important device 
known as the AUTOTRANSFORMER,. This device is used to provide a means of con- 
trolling the voltage that you will use in the high tension transformer which you will 
learn about very shortly. The autotransformer is connected between the incoming 
line and the primary coil of that transformer (Figure 2-27), 


The autotransformer is a coil of insulated wire that is wrapped around a soft 
iron core. At regular intervals, wires are drawn off this coil to little metal buttons 
which are placed in the form of a half circle. A moveable contactor can be moved to 
touch any of these buttons. By moving the contactor you can control the voltage that 
is going to the other transformer. 
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The autotransformer works on the principle of SELF INDUCTION. Review this 
principle. When the wire is made into a coil and wrapped around an iron core the 
strength of the magnetic field is greater. This also causes more of the "bucking" or 
"opposing" induced voltage. Remember that you are using alternating current. If 
you start at the bottom of the autotransformer you will not have so much bucking, so 
the voltage will not be reduced much. But as you tap the wires higher up you will 
keep getting a lower and lower voltage. This is the way you control the kilovoltage. 


On most machines you have two kilovoltage selectors. One is known as the 
MAJOR and the other the MINOR. The major will raise or lower your voltage by 
10's and the minor will raise or lower the voltage by 1's or 2's. This helps you to 
make refinements in your settings. This means also that you will have two sets of 
wires coming off your autotransformer with a moving contactor for each set. Look 
at the kilovolt selectors on your machine. Turn the knob and feel the contactor as 


you set it up and down. 
. | MINOR 


MAJOR 


UA 





Figure 2-27 Autotransformer and KVP Selectors 


MILLIAMPERE SELECTORS. Milliamperage is used to heat the "filament'' of 
the X-ray tube so you can have a source of "free'' electrons. If you want more elec- 
trons you use more milliamperes. You have machines with milliamperage capacities 
of 10, 15, 30, 100, 200, 300 and 500. The higher the milliamperage capacity of your 
machine the more flexibility you will have in setting techniques on it. 


You will find a great need for varying your milliamperage in X-ray. You do 
not need to use as much X-ray on some parts of the body as you do others. Because 
of this you have devices that will enable you to select various milliamperages. 


There are two types of devices that can be used to let you change your milliam- 
perage. One is a RHEOSTAT and the other is a CHOKE COIL (Figure 2-28). 


The rheostat is a VARIABLE RESISTOR. A resistor is a device which resists 
the flow of current through it. This deviceis acoil of wire that is insulated and wrap- 
ped around a porcelain core. A thin portion of the insulated wire is scraped off from 
one end of the coil to another. A metal slider makes contact with this strip of ex- 
posed wire and can slide up and down the coil. Then, again, just certain spots along 
the coil can be uncovered and taps connected so that each spot will have a certain re- 
sistance. 
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machines with 100 milliamperes or over. 


The synchronous timer uses a synchronous motor. Itcan beset for 1/20 to 15 
seconds or more. It is called a synchronous timer because the motor which runs it 
must rotate at the same speed as the alternating current or generator which supplies 
it with power. It is limited because of this fact and cannot be faster than the genera- 
tor running it. 


The impulse timer, however, gets down to 1/120 of a second. It is used more 
commonly at 1/60th of a second. Do you recall that the alternating current used in 
X-ray is 60-cycle? And each cycle had two impulses or alternations? It is these 
impulses that you are using. If you used 1/120 of a second you would only be im- 
pressing the voltage across the tube for the time it takes to produce one impulse of 
current. This is an advantage in X-ray. You will see how much of an advantage it 
is later. 


The hand timer is a mechanical timer. It is connected to the machine so that 
when the button is pushed it closes the circuit and allows the voltage to flow. When 
the time is up the circuit is broken. This type of timer is used on portable equip- 
ment and field equipment. If you have one in the department take a look at it. Set it 
for some time and you will see that you do not need electricity to work it. It is only 
good for larger amounts of time; from 1/4 second to 15 seconds or more. 


The phototimer is a device that turns off the machine automatically and does 
not have to be set each time. The length of time used depends on the part and thick- 
ness of the body being X-rayed. This timer uses the ability of X-ray to cause fluores- 
cence in crystals, The light from the crystal passes through a phototube and when 
enough X-ray is given the phototube activates a device which shuts the exposure off. 
It is something like the electronic eye you have seen in some stores. 


The electronic timer is a new type of device that enables you to use from 1/30 
of a second to 20 seconds. 


TIMER 





SS 


Figure 2-29 Timer 
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Now all this involves direct current. You are using alternating current, If you 
used a plain magnet your needle would be waving back and forth 120 times a second. 
This will not do. You must use the poles of an electromagnet that is using alternating 
current. Because the current in both the coil and the electromagnet are both moving 
back and forth, the needle will not move. The current is reversing in both of them 
at the same time keeping the needle steady. 


Look at the meters on the machine. Turn the machine onand watch the kilovolt 
meterneedle, It movesup or downas you turn the selector knob. Up with the needle 
means that there is more voltage so you have more magnetic lines of force in the 
electromagnet coils. This causes the movable coil to rotate farther so the needle will 
read higher. 


More than likely the meter youare looking atis ameter knownas a PRE-READ- 
ING KILOVOLT meter. This meter is connected in parallel with the autotransformer. 
It is really showing volts going to the high tension transformer. However, these volts 
will be turned into somany thousands of volts once it gets to the big transformer and 
what you see is the amount of KILOVOLTS you will produce in the big transformer. 


The milliammeter is used to show the milliamperage flowing through high volt- 
age circuit andthe tube. The milliammeter is connected in series in the center of 
the secondary side of the high tension transformer and is GROUNDED. 


You now have gone through the control unit to some extent. Some of the things 
you have been learning will be more clearly shown to you as you take up the...... 


TRANSFORMER UNIT. The whole principle of X-ray is based on the ability to 
produce very high voltages that will drive the electrons across the tube to the target. 
This is made possible by using the principles of 'mutual induction'"’, Remember that 
an electrical current can be induced into a wire that is near another wire carrying 
current. The first wire spreads out its magnetic field and when this field cuts the 
second wire a current is produced in that wire also. The transformer, then, isa 
device that can change low voltage to high voltage or high voltage to low voltage. 


The simplest form of a transformer is two separate coils of wire. These coils 
are insulated and are parallel toeach other. The first coil is said to be the PRIMARY 
side and is supplied with alternating current. The second coil is known as the SECON- 
DARY side and receives ite alternating current by "mutual induction" from the primary 
coil, 


The amount of voltage that can be induced into the secondary of the transformer 
is dependent UPON THE NUMBER OF TURNS OF WIRE IN THE SECONDARY COIL, 
The more turns of wire in the secondary the higher the voltage produced. If the pri- 
mary coil has only 1 turn and the secondary coil has 10 turns, you can produce in the 
secondary coil a voltage of 10 volts if 1 volt is in the primary. If the primary coil 
has 10 turns and the secondary coil only 1 turn, then you can only produce | volt in 
the secondary coil. 


The transformer that has more turns of wire in the secondary coil than in the 
primary coil is known as a STEP-UP TRANSFORMER. Atransformer which has 
more turns in the primary thanin the secondary coil is a STEP-DOWN TRANSFORM- 
ER, 


SIMPLE TRANSFORMERS 
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Figure 2-32 Simple Transformer 


In X-ray you know that you use 110 to 220 volts. With a step-up transformer 
you can produce 30,000 to 100,000 volts (30 to 100 kilovolts). You use this high vol- 
tage to drive electrons across the tube. Now in your tube you will also have to re- 
duce this 110 or 220 volts to heat your filament. You use a step-down transformer 
for this because you only need from 8 to 12 volts to supply the filament (Figure 2-33). 


All through the control unit and transformers you have been using alternating 
current. An X-ray tube has to have direct current flowing through it. This brings 
you now to the very important process of rectification, 


Low Tension Side 


rT 
ge 





ULL 


1. step-down transformer 2. step-up transformer | 
3. milliammeter 4. filament ammeter | 


Figure 2-33 Low and High Tension Circuits 
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RECTIFICATION 


Rectification is the process of changing alternating current to direct current. 
Rectifiers change the alternating current to pulsating direct current. Rectifiers are 
located between the secondary of the step-up current transformer and the X-ray tube, 


There are two types of rectification that you will use. They are self-rectifica- 
tion and valve-tube rectification. You will find self-rectification on portable units 
and the valve-tube type on the larger machines, 


SELF-RECTIFICATION. Self-rectification is the simplest type of rectification. 
In this type only the X-ray tube is used. The electrons only travel to the target when 
that target is positive. Remember that electrons have a negative charge. Now the 
alternating current has two impulses. One of them is positive and the other negative. 
When the current changes and makes the target negative you will not have a flow of 
electrons. In other words you are "suppressing" the flow of electrons in that im- 
pulse. This shows that the X-ray tube itself is rectifying the current. 


Now this suppressed negative impulse in the alternating cycle is a disadvan- 
tage. It is knownas "Inverse Voltage". If your tube is overloaded until the target 
gets too hot it will release electrons and damage the filament of the tube or break the 
vacuum bulb which contains it. Because of this you cannot use as large an exposure 
with this type of rectification as you can with the valve-tube type. Self-rectification 
is known as half-wave rectification because it only uses one impulse or wave of the 
alternating cycle (Figure 2-34). 
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Figure 2-34 Self-Rectification 


VALVE-TUBE RECTIFICATION. Valve-tube rectification causes current to 
travel only from the negative to the positive. The tubes that are used are similar to 
the X-ray tube in that they have a filament and atarget. Valve tubes can produce 
both half-wave rectification and full wave rectification. Full wave uses the whole 
cycle, You can use one, two or four tubes with this system. When one tube is used 
it is for the purpose of keeping the target of the X-ray tube from getting hot and send- 
ing out electrons which would damage the tube. The rectifying tube would receive all 
the damageand you save your X-ray tube. The capacity of your X-ray tube is not in- 
creased, however. One tube will still give you half wave rectification (Figure 2-35). 


When two tubes are used inthe rectification process, you will receive half- 
wave rectification. That is, you will only get one of the impulses from your cycle. 
This will improve the capacity of your machine because the current will be rectified, 
BEFORE it gets to the tube (Figure 2-36). 
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Figure 2-35 Valve Tube 
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Figure 2-36 Two Valve Tubes 


Most of the large machines use four tubes and give you FULL WAVE RECTIFI- 
CATION. You can use the whole cycle and this increases the capacity of your ma- 
chine a great deal. See Figure 2-37, following page. 
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Figure 2-37 Four Valve Tubes 


X-RAY TUBES 


All types of tubes used in X-rayare of a type called "hot cathode tubes", These 
tubes require the.use of a heated filament to operate. Before going into the details of 
the X-ray tube look at the basic principles of all the hot cathode tubes. 


@ A filament must be heated for a source of electrons. The higher the 
temperature the more electrons freed. 


@ When kilovoltage is applied, electrons are driven from the filament to 
the target. The speed of the electrons depends on the amount of kilo- 
voltage. 


@ When NO kilovoltage is supplied electrons will form a cloud around the 
filament of the tube. 


@ If the kilovoltage supplies the electron with enough speed, X-rays will 
be produced when the electrons hit the target. 


Modern X-ray tubes have an anode and a cathode. These are housed in a lead 
glass vacuum envelope. This tube is in a housing filled with insulating oil. 


THE CATHODE 


The cathode of an X-ray tube is the negative side of the tube. It consists of the 
filament, focusing cup and two separate circuits. The filament is made out of a tiny 
coil of tungsten metal wire. This metal is used because it can stand a great deal of 
heat without melting. The metal is of the same type used for light bulbs. This fila- 
ment is connected to a low voltage circuit which heats it and is also connected to one 
end of the step-up transformer to provide the kilovoltage to set the electrons in mo- 
tion. The focusing cup is a.negatively charged molybdenum cup hollowed out so the 
filament can sit in it. This cup focuses the electron stream so that it will hit only 
a tiny area on the target. The filament uses 8 to 12 volts and from 3 to 5 amperes 
in operation. Many tubes that you will work with will have two filaments. 
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number of electrons in its orbit. This type of element provides better production of 
X-rays with a high penetrating power (Figure 2-39), 


Heat is the reason for the copper block. Although tungsten can stand a good bit 
of heat it can be damaged if you give it too much. When electrons hit a target only 
about .2% of their energy is converted into X-rays. The other 99.8% is converted 
into heat. Copper is a better conductor of heat so it can be used along with circulating 
water, oil or air to get rid of excess heat produced in the target. If the heat was not 
removed the target would melt or become "pitted". This destroys the usefulness of 
your tube. 


The tungsten metal target in the tube is knownas the focal spot. As youremem- 
ber, the electron stream from the filament is focused by the focusing cup to this tar- 
get. Small focal spots are desired because they provide you with a sharper X-ray 
picture. However, the smaller the focal spots become the less heat they will be able 
to absorb. They do not have as much area to spread the heat over. In the stationary 
anode tube this heat causes you to use limited techniques to avoid damage to the tar- 
get and tube. 
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Figure 2-39 Stationary Anode 


The ROTATING ANODE was developed to allow for greater exposures on the 
target. This type of anode has the tungsten target rotating during the bombardment by 
the electrons, In this way the electrons are still focused to a certain small area but 
the surface that they are striking is always new. Because of this the heat is not con- 
centrated in one particular area but is spread over amuch larger area (Figure 2-38). 


THE INDUCTION MOTOR 


The target on a rotating anode tube is a round disc of tungsten and is attached 
to the shaft of an induction motor. This induction motor is analternating current type 
of motor. It consists of a STATOR AND A ROTOR (Figure 2-40). 


The stator is made up of an even number of electromagnets surrounding the 
rotor. The rotor is a soft iron core covered with bars of copper. The electromag- 
nets are supplied with current which is known as MULTIPHASE current. This type 
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of current enters opposite pairs of coils out of stepwith the current in the successive 
pairs of coil. Now the copper bars on the rotor or shaft get a current induced into 
them from the electromagnets. This current is then lying in a magnetic field. Re- 
member how a coil acted when you learned about meters. This rotor experiences the 
same side thrust because the lines of force in the copper bars and the field of the 
magnet are going in the same direction, so repel each other. This action opposite 
each electromagnet and copper bar rolls the rotor around and around. It is some- 
thing like the old-time ship wheels that you see on clocks. The handles could be the 
magnets and the hands the copper bar. While one current steps from one handle, 
another one gets just ahead of it into the next handle. These currents then pull the 
hands around after them. When this is done fast enough you will have the rotor spin- 
ning around, This, then, is how the rotating anode works. | 
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Figure 2-40 Induction Motor 


If you havea rotating anode tube, remove the plates of aluminum in the tube head 
and make an exposure on your machine. The rotor will spin fora little while after the 
exposure so Keep the machine on so that the filament will light up the anode. Watch 
how it spins. DO NOT WATCH IT DURING AN EXPOSURE, By doing this you will 
be able to picture the operation of the induction motor. 


If you have a stationary anode tube look at it with the filament on and you can 
see the target spinning in the copper. 





Figure 2-41 Basic X-ray Circuit 


BEHIND AND AHEAD 


You now have an understanding of what makes up your machine and how these 
devices work. Figure 2-4] is a complete diagram of a basic X-ray unit. You know 
about switches, fuses, voltage or line compensators, autotransformers, meters, 
rheostats and choke coils. You have an understanding of transformers and rectifica- 
tion. You know what an X-ray tube looks like and are aware of what is init. You 
have not learned all that there is to learn about your machine yet, but, for now, you 
can say that your physics is behind you. Many things may have escaped you on the 
first reading. If they did, remember that these things are new to you and it will take 
time. Do not be discouraged if you have had difficulty, Go over the questions on the 
next few pages. These will help you to weld into your mind the essential knowledge 
that you will need. Go back and review for those questions you cannot answer. Many 
times when you are reading your eyes are on the paper but your mind subconsciously 
is on other things. Try to concentrate only on what you are reading. 


Ahead of you is a chapter on electrical and radiation protection. Because you 
are working with radiation and very high electrical currents you must be fully aware 
of the dangers involved in theiruse. Properly used they can be controlled. However, 
carelessness allows X-ray and electricity to become deadly, violent enemies. You 


must learn how to protect yourself, your patient and those who work around you. 
Learn the next chapter well and observe all things it will tell you. 


REVIEW QUESTIONS 


HISTOR Y 
1. Who discovered X-rays? 
2. On what date were X-rays discovered? 
3. In what country were X-rays discovered? 


4. What type of rays was the discoverer of X-rays experimenting with when he 
noticed X-rays ? 


5, What did he see on the barium platinocyanide screen that made him know he 
was observing a new kind of ray? 


6. What was one of the main factors in the serious development of X-ray? 


7. What did W.D. Coolidge contribute to X-ray? 


X-RAY PHYSICS 
1, Define - matter, energy, work, element and atom. 


2. Diagram an atom of hydrogen. 


ll. 
12. 
13. 
14, 
15, 
16. 
17. 
18, 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 


28. 
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What does the atomic number of an element mean? What does the atomic 
weight of an element mean? 


What are electromagnetic wave radiations ? 

What does wavelength mean? 

What does frequency mean? 

What is a photon? Do all photons have the same energy? 

What is an electric current? 

What is an electric circuit? 

What is a kilovolt? What is an ampere? 

What four things determine the amount of resistance in a conductor? 
Distinguish between an open and a closed circuit. 

What is a series circuit? What is a parallel circuit? 

What does resistance and amperage have to do with overloading a circuit ? 
What is magnetism? What are the three types of magnets? 

What is magnetic induction? 

What are electromagnets? What is electromagnetic induction? 

What four factors determine the amount of current induced into a wire? 
What is alternating current? 

Describe how an alternating current generator works. 

What is meant by single phase, 2 phase and 3 phase current? 

What is direct current? Describe how a direct current generator works. 
What is the line compensator used for on your X-ray machine ? 

What is the autotransformer used for in your machine? 

What is a variable resistor? What is a rheostat? 

Describe the principle of meters. 

What is rectification? 


Describe how the current travels in a four valve tube rectification system. 


2-40 


29. 


30. 


31. 


32. 


What is a cathode? 
What is an anode? 
What is a stator? What isa rotor? 
Below is a list of devices that you should have learned. Place the proper 
letter, (a) for low voltage side, or (b) for high voltage side, in front of each 
device according to where you think each device is located. Then return to 
your basic diagram and see how many you have correct, 

1. Pre-Reading Kilovolt Meter 

2. Variable Resistor 

3. Filament Transformer 

4. Line Compensator Meter 

5. Milliammeter 

6. Valve Tube Transformer 

7. Autotransformer 

8. Timer 


9. Line Compensator 


10. Rectifiers 





11. Major and Minor Kilovolt Selectors 
12. Switch 

13. Ammeter 

14. Resistor 


15. Focusing Cup 





16. High Tension Transformer 
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SHOCKPROOF EQUIPMENT 


Most modern X-ray equipment in operation in the Air Force today is shock- 
proof. All parts of the machine that you are exposed to have been provided with a 
"ground" connection. GROUNDING is the connecting of a circuit to the earth by a 
wire which has a very low resistance. The electrical circuits of your X-ray machine 
provide for the grounding of various parts of the machine. If contact with the grounded 
portion of your machine is made, no current will pass through you because electricity 
will ALWAYS TAKE THE PATH OF LOWEST RESISTANCE, 


ALL METAL CONDUITS, CONTROL PANEL, TRANSFORMER, TUBE AND 
TABLE AND ANY OTHER ELECTRICAL DEVICE WITH WHICH YOU COME IN CON- 
TACT MUST BE GROUNDED. A good ground will allow enough current to opena cir- 
cuit breaker or to blow a fuse. Generally these grounds are installed by maintenance 
men when your machine is first put into place. However, when working with field 
equipment or with a portable X-ray machine you must see that it is properly grounded. 
Periodic maintenance checks will insure that the ground connections have not been 
loosened or unattached. 


You will notice that all the cables on your machine are very heavily insulated. 
These cables are high tension cables and are provided witha grounded sheathing which 
is covered by further insulation. Because of the very high currents carried by these 
cables they should be inspected frequently for breaks or cracks in the insulation. 
Breakdowns in these cables are a source of danger. If you should notice any breaks 
or cracks, notify your maintenance man for repairs or see medical supply for re- 
placement. These should never be used "just one more time", 


Although most of your equipment is "shockproof" you will have tomake frequent 
checks to insure that it stays that way. Any device will not be as good as new after 
it has beenused fora time. Always use CAUTION even with equipment that is shock- 
proof. 


SOME PRECAUTIONS TO TAKE 


DON'T operate equipment with wet hands. The darkroom is a source of danger 
when you attempt to work with an electrical device with wet hands or while you have 
one hand in the water. It is also important that you keep your darkroom floor dry. 
Observe the ''one hand rule" - never turnon a deviceor plug in a connection with the 
other hand on a conductor. When your hands are wet and you turn on a device where 
the insulation is worn or the circuit defective, the current tends to go through you to 
ground instead of through the circuit as it should. It would be like standing in a bath- 
tub in your own home and reaching to turn on a light. 


NEVER severely bend or kink your high tension cables. The cable insulation 
and grounding may break and expose the wire. Electricity tends to collect at sharp 
points and if you come inclose contact with the cable the current will have a tendency 


to spark toward you. Also electricity could discharge through the tube column of the 


machine and the table if the cable came in contact with them. 


NEVER attempt to fix or adjust any part of your machine, like changing fuses, 
checking cables, or changing illuminating bulbs while the machine is in the ''ON" po- 
sition. 
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DON'T EVER ATTEMPT to repair, connect or adjust equipment in a machine 
with which you are NOT COMPLETELY FAMILIAR. Most all maintenance of your 
machine will be done by experienced maintenance men and commercial representa- 
tives, There are devices in your machine like condensers which could store or hold 
large charges of electricity even when the machine has been turned off for hours, If 
you touched or came close enough to them to cause them to discharge, you more than 
likely would no longer be among your friends. 


Now with these general ideas you will want to know about what would happen if 
you became careless or someone else became a victim of ......... 


ACCIDENTAL ELECTRICAL SHOCK 


On the primary side of your machine and in most of the auxillary devices you 
will be using, you will find alternating current. You will also find alternating current 
in the transformers, but as it passes through the rectification system and into the 
high tension cables to the tube it will be direct current. 


Alternating current is usually the most common type of current that is involved 
in electrical shock. This is true because it is the most commonly used current. A 
low voltage AC circuit is more dangerous than low voltage DC. However, a high DC 
is more likely to be fatal than a high AC. You will have low voltage AC in your con- 
trols, a high AC in your transformer secondary coil, and high DC in your cables and 
tube. 


Low voltage with high amperage tends to hold you to the area of contact. High 
voltage and low amperage will throw you away from the contact. It does not take an 
excessive amount of amperage to hurt you. As you know now, we use milliamperage 
in X-ray. Four to twelve MA will only surprise you and not cause much discomfort, 
but forty to one hundred MA will cause your respiration to cease immediately. One 
hundred MA to one ampere is considered the maximum that youcan safely stand. Any 
thing above that will cause damage to your heart which is often fatal. 


The duration of contact is extremely important. The longer a person is held 
the less chance of survival. This is important to remember when you work around 
low voltage and high amperage. However, with a high voltage shock you will usually 
be thrown away by the violent contraction of the muscles and be freed quickly. 


Because your nervous system operates in an electrical nature any outside in- 
fluence, if sufficiently strong, can upset it. One of the most common effects of elec- 
trical shock is the temporary paralysis of various organs. If the organ paralyzed is 
the respiratory center, you stop breathing because the brain cannot get through to it. 
For this reason you must apply artificial respiration until this temporary paralysis 
is overcome, The most serious danger of shock is to the heart. The heart works on 
the principle of a tiny electrical system, so any outside interference may disrupt its 
action. The heart will not be hurt physically, but the mechanism of its function will 
be changed. When this happens no blood is pumped to the body and death can occur 
quickly. 


SOME EFFECTS OF ELECTRICAL SHOCK, Electrical shock caused from high 
tension currents can cause severe burns. When contact of a body is made with high 
tension current a high temperature is generated by the resistance of that body and 
it burns up the tissue. 
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Fractures may occur from being thrown or by violent contraction of the mus- 
cles. If the victim is still conscious after the shock he may appear dazed. He may 
not beable to hear because of partial deafness so cannot respond to instructions. He 
will commonly have pain and soreness in his muscles. Hemay not be able to see well 
due totemporary visual disorders. A variety of other effects may be seen. Vomiting, 
delerium, and a depressed mental state are a few of the symptoms. 


THINGS TODOIN ACCIDENTAL ELECTRICAL SHOCK, First, LEARN WHERE 
ALL THE SWITCH BOXES ARE LOCATED AND THE FASTEST ROUTE TO THEM! 
Remember that the duration of contact canmean survival or death. Second, DO NOT 
LOSE YOUR HEAD! Grabbing a victim in contact with current is suicide. If youcan- 
not get to a switch to turn the current off, remove him with a dry rope, cloth or other 
material that is not a conductor. DO NOT JUST STAND IN HORROR - MOVE! 


Third, if the victim is still conscious and breathing KEEP HIM QUIET AND 
LYING DOWN. If he is unconscious and not breathing start giving him artificial res- 
piration IMMEDIATELY. He must be kept warm. Also, a hard rap across the feet, 
over the heart, or on the back may serve as a countershock to get the heart back in 
action if it has been involved. Such action can do no harm and it may help. 


Fourth, although it is done as soon as possible, CALL YOUR DOCTOR! 


YOUR RESPONSIBILITY. You know now that your safety from electrical shock 
is UP TO YOU. You are aware of the necessity for constant alertness even with 
"shockproof" equipment. You should know some of the things you should never do. 
You are aware of the sources of various areas of danger. You know now about some 
of the effects of electrical shock and you know what to do in case of accidental elec- 
trical shock. 


Ahead of you is a hazard that is more secretive and less visible than violent 
electrical shock. You will learn how radiation can effect you, the processes it uses 
in affecting tissue, how radiation effects are detected and what you must do to pro- 
tect yourself, Go on now to .....csccceves 


RADIATION HAZARDS AND PROTECTION 


Any "ionizing" radiationis potentially dangerous if it is excessive. X-ray, ra- 
dium, radioactive isotopes, and other radioactive material are your sources of ra- 
diation danger. They do not ring bells or shout their presence. Because you are 
going to be working day in and day out with these types of materials they are a con- 
stant danger to you. But before yougo too far into the hazards or protection you must 
be able to answer the question ......ccccees 


WHAT IS IONIZING RADIATION ? 


To understand ionizing radiation you must be aware of what ions are. Do you 
remember that the atom has protonsand electrons? An atom that is neutral will have 
just as many protons as electrons. An ion is an atom that is lacking an electron or 
one that has an electron it doesn't need. If an atom is missing one electron which it 
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is supposed to have, it will have an extra proton in the nucleus. This atom, then, 
will be a POSITIVE ION. If an atom has an extra electron that it doesn't need, then 
it will have one more negative charge than necessary. This atom is a NEGATIVE 
ION. 


Atoms can be ionized by X-rays, gamma rays, alpha particles, or beta parti- 
cles, The energy of an X-ray protoncan remove an electron from the orbit of anatom 
and make that atom a positive ion. It can also cause an electron to be shoved onto 
another atom that doesn't need it and make that one a negative ion. When radiation 
causes both negative and positive ions to be produced you will have ION PAIRS, An 
ion pair is, then, a positive ion and a negative ion. 


It is this physical ability to ionize atoms and formion pairs that cause the bio- 
logical radiation effects inyour body. It is the amount of these ions and how theyare 
distributed that determines the effect you will receive. This same ability of X-rays 
is used in measuring how much X-ray is present. 


You will remember two of the properties of X-rays you had in Chapter II. 
@ X-rays cause ionization of gases. 


@ X-rays can kill or damage living tissue. 


RADIATION EFFECTS ACCUMULATE 


EFFECTS OF IONIZING RADIATION ARE ACCUMULATIVE, This means that 
every time you receive any radiation the effects are added up. As an X-ray techni- 
cian you MUST BE FULLY AWARE OF THIS FACT. Your body can take just somuch 
radiation. Those portions thatare irradiated DO NOT COMPLETELY REVIVE. This 
has to be clarified, however. If you X-ray your hand, some of the atoms of the hand 
are completely changed by the radiation. These atoms cannot be replaced. However, 
those atoms that have only been damaged may be able to fix themselves up again. It 
is like filling a bucket with water. After a day out in the sun some of it evaporates, 
You will beable to pour more water into the bucket to bring the level back up, but you 
will never beable to recover that water which evaporated. As long as you keep filling 
the bucket you can maintain its level, but if youcan only put a little water in at a time 
you will not be able to keep upwith the evaporationand your bucket will run dry. Ra- 
diation effects are similiar to this evaporation of water. If you keep on receiving ra- 
diation continuously the damaged cells have no chance to restore themselves, but keep 
on evaporating. Pretty soon this evaporation will run the body dry of life. 


Now the question that should be in your mind is, ''How much radiation can I re- 
ceive without any ill effects?"' This will bring you to the unit for measuring X-ray 
radiation. 


THE ROENTGEN 


The "roentgen" is the unit of measure for X-ray and gamma radiation. The 
symbol for roentgen is "r'', 


The roentgen shall be the quantity of X or gamma radiation such that the asso- 
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ciated corpuscular emission per 0.001293 grams of air, produces, in air, ions car- 
rying 1 esu of quantity of electricity of either sign (Figure 3-1). 


1 CC of Air 0.001293 GRAMS 
OC 760 mm 
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ION PAIRS 






Figure 3-1 The Roentgen 


This, of course, means very little to you at the moment. What it boils down to 
is that one roentgen of X-ray or gamma ray will in 1 cc. of air, produce negative or 
positive ions that carryanelectric charge totaling 1 esu. An esuis aquantity of elec- 
tric charge which, if placed in a vacuum bulb one centimeter from another charge of 
the same type and just as strong, will repel it with a force of one dyne. A dyne is the 
amount of force or shove which can accelerate a mass of one gram one centimeter 
per second, This will take a little study, but you should have some concept of the 
unit with which you will be working. You can look at it more clearly if you realize 
that an esu is just a smaller unit of electricity like the volt. To illustrate, take a 
bucket of beebees and throw them across a room so that they gain one volt of 
charge. Thebeebees could be the "associated corpuscular emission", (negative or 
positive ions), the room the 1 cc. of air and the one volt's worth of charge on the bee- 
bees could be the 1 esu chargeof electricity. If you had only half a bucket of beebees 
you only get one-half of a volt so you would only have one-half of a roentgen. 


Remember that the roentgen is the measurement of a certainamount OF X- OR 
GAMMA RADIATION IONIZATIONS IN AIR. The more X-ray present the more ioni- 
zation in the air. Air is used because it has approximately the same atomic weight 
as the human body. At the present time there is no common practical means of mea- 
suring the amount of X-ray ionization within the body itself. 


Now that you have some idea of what a roentgen is, you are interested in just 
how much you can safely receive. This amount is known as ......... 


THE MAXIMUM PERMISSIBLE EXPOSURE. The maximum permissible ex- 
posure is 0.300 r per week. As you see it is a great deal less than even one roent- 
gen. This exposure to X-ray or gamma ray is set on the basis of a forty-eight hour 
week, You will see the symbol "mr" in many instances associated with exposure. 
This is an abbreviation for 'milliroentgen" or one one-thousandth of a roentgen. Your 
maximum permissible exposure is 3/l10ths of a roentgen or 300 milliroentgen per 


3-7 


week. This exposureis for WHOLE BODY irradiation. Whole body irradiation means 
that the entire body receives the exposure. Certain parts of your body can be exposed 
to more in some instances without ill effect. HOWEVER, YOU MUST BE AWARE 
AND UNDERSTAND THAT THE AMOUNT OF EXPOSURE THAT IS TOLERATED IS 
DIFFERENT IN VARIOUS PERSONS. You may be able to receive more than the per- 
missible value without any visible changes, but another man may not beable to tolerate 
even that much. It has been shown that most X-ray technicians can work continuously 
around X-ray if he does not exceed the maximum permissible exposure. 


The biological effects of radiation injury are seen by skin changes, changes in 
the blood or possible effects to the sexual organs. To avoid any of these effects you 
will have to be aware of the .....c.cccee 


SOURCES OF RADIATION EXPOSURE 


Because you cannot see, hear, feel, touch or smell X-rays you must never ig- 
nore their possible presence. You cannot outrun them, unless you can travel 187,000 
miles per second, You will have to know where to look for them even though your 
physical senses cannot help you. Your main sources of danger in X-ray is from the 
PRIMARY BEAM OR FROM SECONDARY RADIATION. (Figure 3-2). 





PRIMARY BEAM- DANGER ! 


Figure 3-2 Primary Beam 


The primary beam is that beam of X-rays that is coming directly out of the 
tube head of your machine. YOU WILL NEVER STAND DIRECTLY IN FRONT OF AN 
X-RAY TUBE DURING AN EXPOSURE. You can receive your entire permissible ex- 
posure for amonth in one tiny fraction of asecond. Youcannot FORGET and you must 
not become CARELESS, 


Secondary radiation is radiation caused in any object that is struck by a pri- 
mary beamof X-rays. As an X-ray strikes your body it will produce secondary ra- 
diation from the atoms it strikes in your body. In Chapter II the different energy lev- 
els of an atom were discussed. Asan X-ray photon moves through your body and hits 
one of the atoms it can remove an electron. When this electron is removed there is 
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a release of energy which will havea different wave length than the X-ray photon that 
removed it. Also if one electron is removed from one energy level another electron 
from another energy level may move in to replace it. This will also release energy 
and this, too, will have an entirely different wave length. These other wave lengths 
will go off inall directions. Most of these will be longer wave lengths than the origi- 
nal and these long or soft wave lengths cause the most damage to your body. 


Remember that secondary radiation can be produced by any object that is struck 
by X-rays. This means the patient, the tube, the table, the walls or any object in 
the path of X-rays can produce secondary radiation. Remember also that these se- 
condary radiations can produce more radiation until all the energy is completely ex- 
pended. One thing, however, is that this production of secondary radiation is over 
in an instant. These objects will not continue to emit radiation after the exposure is 
over. They do not become radioactive (Figure 3-3). 
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Figure 3-3 Secondary Radiation 


The other sources of danger, like working with radioactive isotopes, radium 
and therapy, will affect you at some time or another, but they will be mentioned later 
in this manual. The question that comes up now if .......esees 


HOW TO PROTECT YOURSELF 


There are a number of means of protecting yourself from radiation exposure. 
With protective devices, you need never be exposed to the maximum permissible ex- 
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posure dose. Even with these means available, IT IS UP TO YOU TO USE THEM 
WHENEVER AND WHEREVER IT IS HUMANLY POSSIBLE, 


DISTANCE REDUCES THE AMOUNT OF EXPOSURE RECEIVED. To under- 
stand how distance protects, you will have to become more familiar with an X-ray 
beam. X-rays, as you know, come from the target of the X-ray tube. They spray 
off the target like water when you turn the hose nozzle down for a fine circular spray. 
Most of these rays are absorbed in the tube housing and only those going straight down 
are allowed to escape the tube. You will also remember two more characteristics of 
X-rays from Chapter II: 


@ X-rays always travel in straight lines. 


@ X-rays cannot be focused to a point. 


The X-rays, then, that leave the tube travel in straight lines and spread out 
like a fan. Take a deck of cards, spread out a few of them as you do when you are 
holding a hand. Then imagine the edge of each card as being an X-ray. The point 
that you hold them with at the thumb could represent the target. As you can see the 
lines or edges diverge out from your thumb in straight lines. Nowif you laid the cards 
down carefully on the bottom edge of a sheet of paper and took a pencil and carefully 
drew lines from each edge you would see that the longer you drew them the farther 
apart they would be and the greater area they would cover. If you place your hand at 
the top edge of the paper you could see that so many of the lines would pass through 
it. But the farther out you put your hand from the paper the less lines would pass 
through your hand. Finally, if you were far enough away, the only lines that would 
strike your hand would be those that came straight out from your thumb. This shows 
you that the farther away from a beam of X-rays you are the less X-rays you will 
have hit you. Alsoremember that as X-rays pass through theair they will lose some 
of their energy in ionizing that air. The more air they have to pass through the less 
powerful they become until they have so little energy left that they can't hurt you. 


But donot get the idea that distance is everything. It is a big help but only one 
means of protection andis used WHEN THERE IS NO OTHER TYPE OF PROTECTION 
AVAILABLE, Distance will be explained in a further manner later on. 


PROTECTION BY BARRIERS OR SHIELDING. A barrier is any material that 
will absorb X-ray and reduce the hazard of exposure. Materials such as lead, ba- © 
rium plaster, concrete, steel, etc. , are barrier material, Lead is themost common 
material and it will stop most ordinary medical X-rays. However, it is heavy and 
expensive, but it is abundant and easily worked into sheets. Lead is also used as a 
,standard for the amount of other material that is used. What this means is that other 
material has a LEAD EQUIVALENT. For example, if one inch of lead would stopall 
the X-rays generated by a 100 KV machine, then it would take twelve inches of solid 
concrete to do the same thing. This would make twelve inches of concrete EQUIVA- 
LENT in stopping power to one inch of lead. An inch has been used for example only. 
Generally, lead is used in millimeters of thickness (Figure 3-4). 


The KV capacity of your machine determines the thickness of the barrier that 
is going to be used, (For information on construction, look at AFM 160-10). 


ie 2 other barrier. | 
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used to absorb or filter our harmful jong Wave lengths. You will remembex that the — 
longer the” Wave: length. of. an: “Baray the leas it will penetrate, Berause @heam of X- | 

faye. has all types of wave lengths; a ‘filter will stop most of the more harmful long 
Ones. The technician is. protected indirectly by the fact that these. long wave Jengtha : 


3 cannot wet to » he Baten or AGRON, fo: SAURE: additional ehtondery, sadiation. ey Ne 





“The ‘iter ‘used in: diagnostic. Koraya i is: seal: an adimioten sheet: hie is = 
placed directly beneath the opening of the eae tube. book at your machine and see 


tr therapy filtere-which « you pill: deat more ‘about in , the therapy: wection:: ‘The thick- a 
ness of filters is measured in qiillimetera. You will hear: OF PAS: the: term a0. ey et 
3 millimeters: of aluminuen attr aton Se REESE EE RS OU RN OG se 


2 iw wise. ‘to a keaa | in mind thar any Seateriel which < ‘geaueea4 the. ‘Sincuct re er ray me 
thane ¢an reach an object can be tonsidered a filter. The housing of the X-ray. ‘tube 
acts asa filter in this sense, although it is built to absorb all the X-ray that doee not 
come. through: ‘the window ofthe tube, Your X-ray tube has what is known as INHER~ - 
ENT; ILTRATION, Inherent filtration is the Gitration of the tube housing ftselfo 
‘The: gliaminum sheete that. you have ta place under the tube are used for EXT ERNAL ae 
FILTRATION. It is recommended that at least 1.5 mam, of alursinum be used for ex~ > 
ternal filtration. Your tube head has the “inherent filtration” or “built -in't filtration 
LS equivalent: to 0.5 mm, of aluminum, : This gives you a total of 2mm, of aluminum fil- 
tration, Make sure: ‘that. you have eat arnaunt of filtration i in your fabehead each time : 
JO Repane w paliets i? SEG Ma Stesteth Steen Te = 
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FLARE CONE — CYLINDER DIAPHRAGM 


Figure 3-5 Cone, Cylinder and Diaphragm 


CONES, CYLINDERS AND DIAPHRAGMS ARE ALSO USED FOR PROTECTION. 
The devices limit the area thatan X-ray beam strikes. The spreading out of thebeam 
is limited so that only a small part of it can strike the object. A cone isa flaring 
metal tube. It can come in many different sizes. The cylinder is also a round tube 
of metal, but itis built so it can be lengthened or shortened if desired. The diaphragm 
is usually a sheet of lead with round holes cut in the center. This restricts the a- 
amount of X-ray that gets out of the tube. 


With the beam restricted to a smaller area the secondary radiation that is pro- 
duced in the object is reduced. By reducing this secondary radiation you are reduc- 
ing the amount of possible exposure, both to yourself and the patient. A CONE, CY- 
LINDER OR DIAPHRAGM SHOULD BE USED DURING EVERY EXPOSURE, You will 
learn more about these devices in a later chapter also. 


Putting all of this together you can see that you should be some DISTANCE A- 
WAY FROM THE EXPOSURE, YOU SHOULD BE BEHIND SOME TYPE OF BARRIER, 
YOU SHOULD HAVE REDUCED MANY POTENTIALLY HARMFUL LONG X-RAY WAVE 
LENGTHSBY USING FILTRATION, AND YOU HAVERESTRICTED THE X-RAY BEAM 
TO REDUCE THE AMOUNT OF SECONDARY RADIATION, If you DO all these things 
you will be sure of staying within your maximum permissible exposure dose. There 
will be times, however, that all of these protective measures are not available so use 
any of them that you have. However, just any barrier will not suffice. If it is not 
lead, which will stop any ordinary medical X-ray, it must be some material with a 
definite lead equivalent. Standing behind a panel of wood or plasterboard will not be 
sufficient. If you HAVE TO take X-rays without a barrier WEAR YOUR LEAD RUB- 
BER APRONS AND GLOVES, GET AS MUCH DISTANCE BETWEEN YOU AND THE 
TUBE AS YOU CAN, RESTRICT THE BEAM WITH ACONE AND NEVER POINT THE 
TUBE SO THAT YOU WILL BE IN FRONT OF THE DIRECT PRIMARY BEAM, 


Now even with all of these things in your mind you are wondering how you can 
tell if you DID receive any radiation and if so HOW MUCH. This brings youto..... 


DETECTION OF RADIATION 


If through carelessness or accidental exposure to radiation you have become 
exposed, how do you tell you have been exposed ? 
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One method of checking an individual for overexposure is to take that indivi- 
dual's blood count. Your blood is sensitive to radiation. If your blood count reveals 
an excess of radiation you will be relieved of duty in the X-ray Section. You will be 
required to take a blood count at least every six months. Most departments or clinics 
that you will be working in will take blood counts from once a month to every three 
months. ° If you feel that you have been overexposed you should have a blood count 
taken. 


FILM BADGES are amethod of detecting and permanently recording the amount 
of exposure you have received. These film badges are little metal badges that have 
a special film in them. X-rays will expose the films. Periodically, these films are 
collectedand developed. The amount of blackness on the film will determine the num- 
ber of roentgens you have received. The device that is used to read these films is 
knownasa DENSITOMETER, Your filmis placed over a light and the amount of light 
that can be registered through your film tells you how much radiation you have re- 
ceived. The blacker the film the less light and the more radiation you have gotten. 
These badges should be worn every time you are working near or around X-ray. At 
clinics where facilities are not available for reading these films they can be sent or 
obtained from: : 


Environmental Health Laboratory Branch 
Office of the Surgeon 

Headquarters, Air Materiel Command 
Wright-Patterson Air Force Base, Ohio 


POCKET CHAMBERS are used in detecting radiation also. A pocket chamber 
is a device that works on the principle of ionization. It is a miniature ion chamber 
which is electrically charged. When X-rays are present the ionization of the air 
causes the pocket chamber to discharge. The amount of discharge of the chamber is 
recorded ona scale and youcan read directly and immediately the amount of radiation 
you have received. These pocket chambers are small and shaped like a pencil so 
that they can be carried on your person. Because they have to be recharged, like a 
battery, every time they run down, they do not provide a permanent record of your 
exposure. Each exposure must be written down. 


The DT-60 detector is being developed for use. It works on the principle of 
X-ray causing changes in chemicals. When exposed to X-rays it will change color 
or glow. 


PHYSICAL DETECTION OF RADIATION, Because devices are man-made there 
is always room forerrors. It is human nature to ignore these things that man cannot 
see, hear, or feel, It isnot unusual forman to become exposed through carelessness 
or unwittingly exposed by accident. 


In these cases, let's see what some of the actual visual effects of radiation ex- 
posure are. If there is overexposure the skin of the area involved will become red, 
much like a sunburn. The redness of the skin is known as ERYTHEMIA. The skin 
will become dry and scaly. Later it will start to peal or flake off. Ulceration or the 
appearance of sores that won't heal will follow. It is not pleasant and can, as far as 
you are concerned, be entirely avoided. There are few X-ray technicians today that 
are affected with any of these symptoms, because they USE PROTECTION, The men 
who have died in their study of X-ray have shown us what to avoid. 
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Another symptom of excessive exposure is the hardening and cracking of the 
fingernails. The nails will show signs of "ridging". This type of injury has usually 
been suffered by radiologists while fluoroscoping or by dentists who have insisted on 
holding the film in the mouth of the patient. 


Symptoms of tiredness, lack of energy or loss of appetite can also suggest over- 
exposure to radiation. If this happens a blood count should be taken and a medical 
investigation made to see if it is caused by radiation. 


RESPONSIBILITY FOR RADIATION PROTECTION. Officially the responsibi- 
lity for the protection against radiation injuries is up to the medical officer in charge. 
He will set the standards and enforce them. In cases where it is felt that a monitor- 
ing survey should be made of your facilities, he will request it in accordance with 
AFR 160-67. However, the big job, the everyday job, IS YOUR RESPONSIBILITY. 


You will keepas accurate records as you canon the exposure you have received. 
You will practice radiation protection at all times. Follow the rules that are listed 


below and you will receive little harm from radiation. Youwill have more of a chance 
of leaving this earth by overeating or smoking too much! 


PROTECTION RULES 


@ Never stand in the primary beam. 


@ Never make an exposure when another X-ray technician is in the room, 
Ask him to find protection. 


@ Never enter a room while an exposure is being made. 

@ Always wear protective aprons or gloves when you have no other 
barrier. Check the equipment frequently for cracks and breaks. 
Take an X-ray of them over a film. If they are not safe you can 
see it. 

@ Never hold a weak patient or kicking child yourself or ask another 
technician to do it. Use either the parents or a person who is not 
continually exposed to radiation. (Nurses, etc. ) 

@ Always restrict the X-ray beam by a cone, cylinder or diaphragm. 

@ Always wear a detecting device while working in or around radiation. 


@ Always get as far away from a source of radiation as is physically 
possible to make your exposure, 


@ Never allow anyone to loiter in an area where there is possible danger 
of radiation. 


@ Always close doors that lead into other rooms where people are 
working or passing through. 


@ Always use filters in your machine. 


@ Never expose ANYBODY just for the fun of it. Do not take films with- 
out specific orders from the radiologist. Do not experiment on persons 
who work in X-ray. 


@ NEVER BECOME CARELESS OR COMPLACENT WHILE WORKING IN 
X-RAY. 


PERSONAL HEALTH MEASURES, Because you are involved in a type of work 
that can be physically hazardous you must maintain a strong body. <A good strong, 
healthy body will repair itself much more readily and you realize now that radiation 
can show more effect when the body is weakened and unable to recover itself rapidly. 


The simple facts of personal health measures are: 
@ Eat regularly. A proper diet is required to give you building power. 


@ Sleep regularly. A body that is overtired is more susceptible to 
breakdown. 


@ Get the proper exercise. A technician should keep his body developed 
and in proper tone. 


@ Take regular leave, at least 21 days a year. Spend it out in the open. 
@ Take prompt care of illness, no matter how slight. 


It is the simple process of taking care of yourself that can offset many harmful 
effects. It is not an easy thing to accomplish for many people, but for X-ray techni- 
cians it is very important to develop proper living habits. A technician who allows 
himself to become careless of his physical health should not work near radiation. 


BEHIND AND AHEAD 


You should be prepared now to protect yourself and others from electrical and 
radiation hazards. There are still specific things you will learn about protection as 
you reach fluoroscopy and X-ray therapy, but you have the foundation. You know the 
sources of danger, have a concept of the roentgen, know how much radiation is con- 
sidered safe for you, are familiar with the various detection devices, have an idea of 
the visible physical damage than can occurand MOST OF ALL WHO IS RESPONSIBLE 
FOR YOUR PROTECTION AND HEALTH. 


Ahead of you is a chapter on the anatomy of the body. In this chapter you will 
learn how your body is made and how it works. An X-ray technician must be thor- 
oughly familiar with the human body. 


9. 


10. 
ll. 
12. 
13. 
14, 
15. 


16. 


17. 
18, 
19, 
20. 
21. 


22. 


QUESTIONS 
What must an X-ray technician do to protect himself and other people from 
radiation? 
What does "grounding" mean? 
What are high tension cables? 
Why is the darkroom a source of danger? 
What is the ''one hand rule"? 
Why is alternating current most generally involved in electrical shock? 
Why is duration of contact with an electrical current important? 
What is the common effect of an electrical shock to the organs ? 


If you cannot reach a switch to turn it off, how do you remove a man from a 
live circuit ? 


What is anion? What is ionizing radiation? 

What causes atoms to become ions? What is an ion pair? 

Explain what happens when your body is subjected to radiation. 

What is the roentgen? What is the symbol for the roentgen? 

What does "maximum permissible exposure'' mean? 

What parts of the body show biological effects when exposed to radiation ? 


Where are your main sources of danger from X-ray? How do you protect 
yourself and your patient from these dangers ? 


What does "lead equivalent'"' mean? 

What is a filter? How do filters work? 

What do cones, cylinders and diaphragms do to the X-ray beam? 
What are film badges? 

What is a densitometer ? 


What are pocket chambers? 


ta locate the heads of these metatary 5 








ANATOMY AND PHYSIOLOGY 


You. are Teasalie a job that 1 no Gadiiasy airman’ can erheem ‘This job invol~ 
ves mastery ot. subject matter in various fields. In. previous chapters of this man- 
wal you have: learned something | of the tmachine with which: you wit be working, -¥ou 





have learned some of the principles invelved in “the aperation. of this machine, You 
know that this machine will be used on human beings. ‘li follows, therefore, that you | 
must know the humaa body to perform your job. In-tmany ways your body can ‘become 
pared to az machines Tt is made ble of definite: forte: which pastors definite SCP ORS oS 


whete it is ‘yocated and hav. it relates’ te: ‘the eotire ‘humab: skeleton: You wil learn a s 
few of the major muscles that you will see on your films. You will know the various — 


organs in the body x: what they look dike’ and how they work. Your body. will no longer 


be a mystery to you, You will see it in all its complexity. You will be amazed at — 
the precision of its design, You think. ‘at the moment that learning the human. body 48 

: going to bea difficult task, ¥ou are the machine" that you will be learning, and this, 
vin itself, will make the job easy, Loek at your hand, Now it is just a hand with fin- — 
gers and a thumb, You see only akin and: wrinkles. Later on youwill seemuch more  —_ 


than thie. You will | see phalanges and metacar pals, The wrinkles will show: you how 





each section carefully because you: axe. going to construct the many parts of the hi- 
man body. into a whole LIVING ‘THING, , Aat ag one a eee tet vans oatne oats SREB to, i 
ED malrarie: of shite ee rhas i is 3 YOU, Le se | Ke 





Tasuna are b roade: from tiny, individaal 
ot your body, ‘There are different types os: celle dn your body: that serve epecific pure. 


ce But let us start from the beginning, Atady. is es 


dat oles: ‘The ‘cell he the smallest eT Be 


poses. There. are nerve cells, muscle cella, blood calls): sad others, ‘Celle that i 
are alike and ‘perform a specific function form ‘Hanieas : Te tissues form Sreene: ae 


The OaERed 4 form | ie various ounces at the oats: oe ee oe 


Rings LS eR ag 
+f 


confective tissue. There area uamber of different types of connective: a Hsaces ¢ but ut 
Baas wu be. SniRR eases eee in, two of i these, brokers aon bone. oh eps 


Ana rae 


Cartilage is. agristle-like substance, it. ig: tough and firm. There are ‘different rae, 
types: ‘of cartilage, but you will ‘be interested in the hyaline and fibrocartilage’ types AS 
tore than the othere.. These. are types of cartilage which cover the ends of the bones —— 


and are. found. in: the’ spine. ‘You have seeu this type if you have ever eaten the drum- 


stick nf ss ‘thicken. - ‘This type ‘of tissue cannot be peen on an X-ray film. ueually, but: 3 ; 


‘itis: neces gary that you realize’ that it is present: and where it is found, ‘This type of 
-tlesue: tnakes. op the bones: of the “young infant and is: present throughoat the growth of 
EE individual. to adult lifes: By ktiowing this fact you can adjust your techniques of ex- 
posure, As you progress through this chapter, you will find where you will encounter 


thie cartilage tissue. ~The moat Ser type of tissae to you as a technicianis..; ~~ 


7 BONE 


The bone is 2 type of: Haaue which ds hard because of deposits of calcium and. 


Rane “In the bones of your body you have: two types of bone tissue, ‘One is a ¥ ; Boe 
- spongy oF eancellated ‘type of tissue and the other ie a hard or compact type of tise, 9 
“Becatae all bones are porous the difference between these two types of tigsue in the oss, 





bone isa matter of hox 


) much apace is between’ the partitions in the bone. Cancellated a 


bone is: found at the bade: of the bones and as a narrow canal through the tenter of the ee ; ; 
“bones: The tompact bone tissue is found on the outside at the bone and along ite mide) 


dle sectian where it gives the bone rigidity and strength, The canal af soft Bpoagy 


bone in the center of a bone is called the medullary canal, This soft cancellated type. < - 
“of tissue in the bone has a soft material between it which ig called the AEC ae pias 


| oF the cells of the blood stream are made in the marrow of the bone, 


All the bones a the body. are covered with a gnatabeune called the pertonteum. . 
“Peri” means around and ‘oeteum! peters to bone (Figure 4-1}, HA 


Berissteum. 





ixguse 4o1 boas Beeuctate 


waa Koray: you can see the different types of bone tissue. At the ends and i ie ee 
the center; the. medallary canal, you can make out the partitions between the bony 


: tissues. The space between them will be dark, Outlined along the outside of the bone 
yeu can Bee the: compact bone ag a white wall incasing the medullary canal. X-ray. a ahs 


was - passes more: easily through the spongy cancellous bone, but is. ‘stopped. by. the hard. SAS 


“Compact bone. Ax. mentioned before, you will not be able ta see the cartilage ‘that 


covers the ends af the bone. Bone: As well supplied with Blood ‘bat Serine is not, Sik 


OSSIFICATION. Bone is developed from. cartilage, oc grows from. certain 


3 coinke. in this cartilage and is called oasification, The points: where this oxsification 
begins are known as. ‘escifications. centers, Because certain bones begin: to form at © 
different. ages you can tell how old a patient ie. by the amount of ossification shown in 
the bones, Bones vary in the placed where ossification begins. Ta the long bones of - 
the body dike: the leg ox ‘thigh: bones OR begins in the middle: and, at each end, The 
abort basen, like ihe bones in: She Aah. peels ossification s the ¢ center ae A aman to a 
the surface: (Pigare 4-2). SE Vi 7 


The area ee: center, where the ossification. begins in Jong bone, ia the dia-. 
physis. Bach end of the bone is known as the ‘epiphysis. The bone ossifies from the 3 
diaphysis to epiphysis. dt alec oasifies from the: epiphysis. fo the daphysis, Mean-~. 


while a thin strip. of: ae etill develops between. them anki - ‘complete grawth af 8 





the base: is Sate ed, thie eerte of oe is Bnows 2 aw the epi id 








Con was 


sane of tha | ‘boden: are not £ eaty, eink too you are twenty-one years. pid and epme 


byeeal: disc. On oe 


id ark fuced line: "that veoenibine: a teacturs,: & 


not Gntil later, Because the naytilage at the ends of Anene bones ae: boas ‘wee sere ee 
they will appene to be fractares. ‘ex breaks inthe bones, - s ae 





Figure.’ 4-2 Bone Ossification 


TYPES Or BONES,, ‘Hones are classified inte four aitferent ype. ‘These typee son 
are a Foi: ahoety: Sexogular: and ahs’. aS | exes 


f Jou oan. which. haa bene: createed: bas & Shee ¢ tdaphyeiajand t two: eke aeris . 
ites iepipbyses}. ‘The shaft is composed’ manatly of conipact bone tisade. ‘with the cen- 
ter occupied by the cancellous tissue and the marrow,” The genter, as. you know, ta. 


_ the medullary canal, - Tee shighb Bone = enor) und the arm ‘bone a Gmneene) & are examines . ae 


| ples. pt Jongh bones, : = 


‘The short bones are ‘weually irregular to ehape, ‘they are: : apouRy 6 on a the 1 inside a : 


ee moet oF bhort Doneae: 


_» pelvis are examples of irregy : 


He 


Sanat faye & hard compact bony surface, the bones of the wrist and of the foot are ex- 





the ircegelar: Munen’s ate yond abies. bige an de ne They kaa a ae 


ae and a compact covering plsn,: The: vertebrae in the ‘Spine and the bones i in a Se 
PWORER EGS! BN ea ee eS ea 





‘The flat bone is the. type Sound in the. kul te) hae : a » spongy Renker ane Sa 
boue | on. etter. suriace ‘eevembling 4 L sandwtehs. ; 





“wlyueu 4-4 Types of Bones. 


. JOINTS 


All the bones of the body meet witty: ean bowen: :. There are three tain types: 
of connections which are known | as deaths & ox B Mar viealatlone!s. An seteatation < is. Mare 
Ante bones y Jake fayetiat ipa ceee se UM aoe Eee 


Sor Smiene joints o or Epticutatione « are Sahin disk the ainisik ake muvenent sae aioe. 

Immovable joints are known ag synarthroses, ‘Syn! means. wnion aod “arthroses”. 

means jointa. The type that is ‘glightly movable is the amphiarthrosis; Am phi 

means. around or about. The last type, which ‘in freely movable, ‘is the Hiarthrosis, 

"Dia" means acroes or between. _ ‘The bones af the akull are of the immovable or syn~ - 
asthrosis type.. The spinal column is an example of the amphiarthrosis type, having - 

‘a limited motion and. 1e shoulder joint is a-diarthrosis type of articulation, having: 

a wide Ranke of mation, 


ANATOMICAL TERMS 


ty learn the bony and its parte yous rhea learn same. « descriptive words or terms.. 
‘ These terma must mean the. same thing. ta everyone ae far: as in practicable, 3 These 


OSPR " ; terms: will tell about location, position, tmnovement, arrangement, etc. ‘Theee terms 


areuged in. reading the body just ag: you yead symbols on a tap. Whea you say "turn. 
left at the neoct corner where the red. filling station is and it is the third house on the: 
3 right up. the street, you can follaw these. directions easily and find the house: you. 
WATE “¥ou wank to ‘Rgow: af something 3 is located in a specific place; if itis ap ar’ down, 
mage OF + belt, Bow it is f RaO OE if it Hone the street or the ralieys ete. A: meant to 


4-5 


know definitely what building you are looking for, the Old South Life Building, Base 
Headquarters, Joe's Grill and Beverage Parlor or 522 East Second Street. 


You must use something of the same systemin describing and locating the parts 
of the body in anatomy. The only thing different is that the names will be new and 
you will be finding places in your body. You will find that it isn't hard, Let us go on 
to a few basic terms you will need to get started. Be sure that you know them before 
you go on. 

@ NORMAL ANATOMICAL POSITION. When describing the body struc- 
tures you consider the body to be in a standing position, arms at the 
sides, hanging down and the palms of the hands turned fully toward the 
front. 

ANTERIOR. Closer to the front of the body. 
POSTERIOR. Closer to the back of the body. 
LATERAL. Away from the midline of the body. 
MEDIAL, Toward midline of body. 
PROXIMAL, A point nearest the head. 
DISTAL. A point farthest from the head. 


SUPERIOR. Above. 


INFERIOR. Below. 


Now that you have a basis on which to begin your study of the individual bones 
of the skeleton, let us take a look at some other terms you will use. 


TERMS USED IN OSTEOLOGY 


Just as you find the Rocky Mountains as projections from the earth's surface 
and the Grand Canyon as a depression in the earth's surface, so can you find pro- 
jections or depressions in the bones of your body. And just as you find cracks in the 
ground you will find slits or fissures in the bones. You have seen drainage tunnels 
under roads and ditches alongside them. Youwill see anatomical ditches and tunnels 
in the bones of the body. 


The projections on the bones are called processes. There are different sizes 
and shapes of processes justas thereare different sizes and shapes of hills and moun- 
tains. 


@ Process - a bony prominence which arises from the surface of the bone. 


@ Spine - a sharp, slender process of bone. 





Tubercle - a small rounded process. 

Tuberosity - a large rounded process. 

Trochanters - two processes below neck of the femur. 

Condyle - a rounded process on the end of a Bene: bony knuckle. 


Crest - a ridge on a bone, round or sharp. 


Head - a round part of a joint resting on a "neck’', 


The depressions ona bone are called fossae. There are different types and 
they will vary in depth and length like the furrows and low areas in a field. 


@ Fassa -‘a depression in a bone. 
@ Groove - a ditch-like depression in a bone, 


You will also find holes, canals, and cavities in the bones. Thesecan be liken- 
ed to an irrigation pipe in a field. 


Holes are known as: 
@ Foramen - a hole througha bone for passage of nerves and blood vessels. 
@ Fissure - a slit in the bone formed by two adjoining bones. 
Canals are known as: 
@ Meatus - a passage or opening. 
Cavities are known as: 
@ Sinus - a recess, cavity or hollow space. 
@ Antrum ~- cavity or chamber. 


If you know what these terms mean you can go ahead and learn about the indi- 
vidual bones of the human skeleton. 


THE SKELETAL SYSTEM 


There are 206 bones in the human body. Any one of these bones can be broken 
or diseased. A radiology technician must be able to find them and show them ona 
film. Many of these bones have specific parts on them that are injured or diseased 
and you must know where these are on the right bone. However, the job of learning 
the bones is really cut in half; because you have two sides you need only to learn 
what is in one leg or one arm. You will have the same bones in the other leg or arm. 
All you have to do is say right or left. The preliminaries are over so here you go 


Into: the 66.6 466.06 6 0804660686 


Behe. 
UPPER EXTREMITY 
Tye upper extremity extends from the tipof your fugers ’ to the shoulder houes, : 


It containg thirty-two separate, bones, ‘or in both right and left Upper extremities, a soa 
total of sixty-four bones. Each : ‘upper: extremity. hae one hand, one wrist, one fore- 


arm (bones below the elbow), One elbow, ‘ane arm: {bone abave the elbow), and ‘ones . 


shoulder. : 


HAND. The hand containe fourteen phalanges, These phalanges. make up your - 
fingers and thumb. Each finger has three separate phalanges, Those phalanges at: 
the end of your finger are known as the distal phalanges (A), The ones in the center 
are the middle phalanges {(B), and the ones that connect your fingers to your hand are 
the proximal phalanges (Cj). The thuimtiy however, only has two phalanges. These 
are the distal and proximal phalanges, ‘Look at your fingers. Bend them, Do you 
see the three sets of creases? Beneath theee creases are the joints between the pha-. 
langes.- ‘These joints are called: interphalangeal joints, The joint where'your proxi-. 
imal phalange connects to the en of the hand is known as the metacadrpophalangeal © 
joint, | ; 


The phalanges ‘of the fingers and thomb are connected tothe metacarpal bones, 
Because youare studying the body in the "normal anatomical position, the metacar~ 


pals. are directly beneath the: palm of ‘the hand, There are five of them, They are. : me 


numbered. The metacarpal that joins the thumb ie 1, the index finger ie 2, the miid- 

dle finger is 3, the ring finger is 4, and the little finger is 5. You see “that you'are - 
counting them from the lateral side -to the medial side. Now these metacarpals haye — 

a shaft and two extremities, Turn your hand over go you can gee the back, Run your 


finger over the back of your hand and you can feel the metacarpals.. Wheo you double 
up your fist you see your knuckles, These knuckles are the heads of the. métacar pals. coy 
They are known as the head of the third metacarpal, etc. You will notice that they 


ate at thedistal extremity, At the proximal extremity or where the PRONE SE ESE coné 
gSeCE nect to the wrist is the base ok the purine aed (Figure 4-4), 





. Figure 4-4 Hand.- PA View 


jeg w @ 4 
‘ “« 


< 2 ce 


Se. now you know that the hand has nineteen bones; fourteen phalanges and five 
Pe caotats. Each finger has three phalanges; distal, middle and proximal, and 
that ‘the thumb has just two, @ distal and. proximal. You know how: the metacarpal s. 
are numbered and you know that each has a shaft, a head and da kane. You algo know 


| | that the bases articulate, with the rier. 


WRIST: The wriat 4 is sae | ‘a + of eight hones, These Banen s are See. aa car= 


3 pal bones. The bones. aréarranged in two rows, Thase rows are the distal row which 


articulates with the mietacarpals and the proximal row which articulates with the fore- 





arm, There are four bones. in exch: sow and each bone has aname,.: The hones ii. the. 
distal row: from. the’ thumbs side to the little finger are ‘the. greater multangalar Mele 
. ene syleneralsy (B), cepiare ae and hamate (D), as Shown, oe ees a3: a 


ov*¥ t= 





Figure 45 ‘Wrist - PA View: 


The rhudeanguines pet. their’ name Peres the nines of aigick they: priekenn for : 


articulation and their size. The capitate is the biggest. bone, ia the wrist, The hamate 
is named because. it. has. on its anterior eee Pay hook sehich is: Faswn as. > he. 
, famndus DRAUSS S. Hamulus means “little hook! Sees 2 SERRE ES eS RS EG 


ick at the “anterior “aurface of your mrtats Rou ek gee ‘three: ‘transverse 2 
creases on the skin. Juat distal to the distal creaae you can find these four bones. 


The greater multangular cores off the first qnetacarpal hase, the leaser multangular 
‘articulates with the second metacarpal base, the capitate with the third and fourth. 

— metacarpal bases, and the hamate forms a joint with the fifth eet? BAS J ust 
a8 prea your Hngers out and. run a Haget down. each one to the locations. Se te 


The bones in the secaat row vof caren bones fear the aunts wide to ‘he s little 
finger » are the. navicular (E}, lunate. AF), t¥iangalar (Gj), and pisiform (H). The na-. 


wicular and the lunate are the only bones” of the wrist which articulate with the fore- 
“arm, The: triangular and the pisiform. BES ‘separated from the forearm by a small 


plug of cartilage. The navicular is a boatshaped bone and derives its name from its 
shape. It is also the bone which iz. most dikely to be fractured in the wrist. The lu- 
nate ia a half-moon shaped hone and also derives its name from ite shape, Because 
of its shape and central position in the wrist it ia the bone of the wrist: which is the 
most frequently dislocated. The triangular bune gets its name from its shape, too, 


- The pisiform is a. little round bone that ia located on the ‘anterior surface heneath the 


triangular, ("Pisi means. pea so the bone is named for its shape just: as the others.) 


You can’ find these bones in the following ways. Extend your fingers out and 
forcefully spread your fingers. Now turn your hand over si you can see it from the 
thumb side. Y¥< ou will notice that the two o visible: cords that are attached to the AAAS of 
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the thumb havea depressed triangular area between them, The space is known as the 

anatomical snuffbox, In that area you will find the navicular, The lunate can be found 
by following. the fourth metacarpal down the palm to the center of the second trans<_ 
verse creage on the wrist. You can feel the pisiform on the medial side of the wrist 
Like a bhard little See, BE is in line with the fifth metacarpal. 


Bese. your wrist geckad You can move it quite: a: distances up and down, but not 
so far from. side, ta. ele | The wrist: isa eee ny RE: of movable or r Marthrosis joint. 


| FOREARM © 


There are two bonea in the forearm, Thy a are ¢ tong k Sones. #0 they: have a shaft 


and two extremities, These bones are the radius and the vida. Turn your hand so the 


Pe palm is up, The radius is the bone on the lateral side of your. forearm, Ttis always . 
- on the thumb side even if you turn your forearm over 3a your palm ia down. Tt is. 
- your radius that rotates over your: ulna. ‘The loa is stable. ‘The aisa is the bone: on 
the ea side of: the forearm, : : 7 


“THE RADIUS, The aati: is. Socawhat. eisapuases -ahaped in i Sea lower two- fe 
‘thirds. . but. as yoo. go ap to the proximal end {toward the elbow)-it becomes rounded, SE 


it curves slightly az it goes upto the elbow, too. There are a number of structures. eee 
on the radius that you should recognize, | They are the atyloid process (A), the wipax 


 notely 4B), the interogseous creat: ae the: radial munee aly sac the neck (EB), and 6 


SSS = head a as shown’ in Figure Bre. 





“Figure 4-6 ‘The Radius - AP aud Lateral Views — 
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The styloid process is located on the lateral side of the distal end of the bone. 
It is a pointed projection which forms part of the hollow at the end of the bone in which 
the navicular articulates. If you will make another "anatomical snuffbox"' and feel 
with your thumb right at the base you will be feeling the radial styloid process. It is 
not as pointed as others you will learn about. On the medial side of the radius is a 
shallow, triangular-shaped notch, the ulnar notch. The lower end of the ulna fits in- 
to this notch and articulates with the radius. Roll your arm slowly and watch it. Can 
you see how this notch works? 


The interosseous crest is found on the medial side of the radius extending up 
two-thirds the length of the bone. It is a sharp ridge and is the place of attachment 
of the interosseous membrane. This membrane is a help in directing any physical 
stress on the hand to be passed up to the shoulder, as when you fall on your hands 
the force is passed onup to the shoulder. If this action did not occur your arm might 
not be able to take the force and it would break the bone. 


The radial tuberosity is a rather large rounded process or bone bump on the 
medial side of the upper end of the radius. You can see it very well on radiographs. 
It is used for attaching muscles. Just above this tuberosity the bone pinches in or 
"restricts" itself. This is known as the radial neck. 


Because a neck usually has a head on it you'll find that just above the radial 
neck is the radial head. This head is round with a flat ridge running around it. This 
ridge spreads out a little on the medial side so that it is wider from top to bottom. 
Because of this it articulates with the ulna at the proximal end. The top of the head 
is not round like the other heads you will encounter. It is scooped out a little, or as 
anatomists say, it presents a concave depression. This depression is used when you 
bend your forearm at the elbow to touch your shoulder. The radius rolls up over a 
part of the arm bone. You can feel the radius in its lower two-thirds, but after you 
pass the middle section it is hidden under heavy muscle of the forearm. See howmuch 
of it youcan feel. You should also notice in the radiographs that the radius is short- 
er than the ulna. 


THE ULNA, The ulna is the medial bone of the forearm. It is stable and does 
not rotate. It is a long bone with a shaft and two extremities. It is small at the dis- 
tal end and becomes larger as you proceed up to the proximal end. It is also slightly 
curved. The structures on the ulna that you must be able to recognize are the ulnar 
styloid process (A), head of the ulna (B), the interosseous crest.(C), the coronoid 
process (D), the semilunar notch (E), the olecranon process (F) and the radial notch 
(G) as shown in Figure 4-7, 


The ulnar styloid process is located on the distal end of the bone, near the ra- 
dial styloid process. However, this ulnar styloid process is more pointed and is 
found on the posterior surface of the bone. You can see it very easily ona radio- 
graph of the forearm. You will also see that it does not touch the triangular or the 
pisiform of the wrist directly. 


The head of the ulna is at the distal end of the bone where in the radius the head 
was located at the proximal end. The head is the area on which the styloid process 
projects. 

Just as the radius has an interosseous crest on its medial side the ulna has an 
interosseous crest on its lateral side. This makes the opposite connection for the 

‘interosseous membrane, 


ak 


On the anterior surface of the bone, jost below the gouged: out. section, at the 3 
proximal end, is a sharp, wide process known aa the coranoid procesa, Look atthe 
illgatration of the aloa. aod find. the coronoid process, in an X-ray you cannot gee it 
except as a dense white Line in ‘the anterior. position, | but in the jatersl a oes tiion: led 
can see ite This, Eeccene is used for Seunecting a rauscle of the arm. Rete aie 


‘Fhe wenailaun notch: is that gouged pur grea ow the reelinad wid of the alos : 


It is this notch in the alna that. helps make up the elbow joint. - You will notice that Pe 


is on the anterior. surface of the bone, “When yoo ean see the semilunar aateh oe. ie 
should Bey that re are Woolies, at me. front. Or anterior :side. Sete Ne ohare 


The part ot the. bone mitch i ranticel ig the ‘epuailuaaz ¢ gute: is the déeranea a 
process. This process forma the saperior and part of ake posterior portions of the. 


ulna. Bend your elbow. Feel the ‘point of your elbow, ‘This is the olecranon process. 


you are feeling. Now, at your wrist you will feel and. bee a little: round burip: on the 
medial side of yaur forearm. This little round bump is the head of the ulna, ‘Start 
at the head of the ulna, turn your arm in the normal anatomical position and run your” 
‘finger up to your. how.’ “Wau wilt notice that you can feel the ulna all the way Up. 
Also circle your. forearm: in the center with the fingers of the opposite hand. Rotate 
your hand ‘so that you have. the palm wp and then dewa. Remember that you have to. 

‘work with your mind in picturing these gtructures ander the skin. You will not be. 
able to pee off the Eten = iS, when you Are working . Baty ge Be 















Pigare 4-7 ine 


You should know now what the bones of the farearm look like aed you ‘should be 
able to toveh: and bapetity a few at. thea, structures. If you have dunt read thhe mate~ 
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rial so far and have not actually performed the various things you have been directed 
to do, go back over the material, look at the illustrations AND USE RADIOGRAPHS 
OF THESE PARTS AND YOUR OWN BODY as training aids. And if you have forgot- 
ten, you are using the normal anatomical position in studying this anatomy. 


HUMERUS. The bone of the arm is the humerus, It is a long bone. It has a 
shaft and two extremities. The lower extremity fans out into a triangular shape and 
its structures complete the formation of the elbow joint with the radius and ulna. The 
upper extremity is rounded and is part of the shoulder joint. On the lower extremity 
of the humerus you must know the CAPITELLUM (A), TROCHLEA (B), MEDIAL (C) 
AND LATERAL (D) EPICONDYLES, RADIAL FOSSA (E), CORONOID FOSSA (F), 
OLECRANON FOSSA (G) AND THE SUPRACONDYLAR RIDGES (H). 


The capitellum is a round ball-like process on the lateral anterior surface of 
the humerus. It is on the capitellum that the head of the radius articulates. Just 
above or superior to the capitellum is the radial fossa. The edge of the head of the 
radius fits into this fossa or depression when the elbow is bent up. 


The trochlea is separated by a ridge from the capitellum and is the structure 
on the medial side. This structure fits into the semilunar notch of the ulna. Just 
above the trochlea is the coronoid fossa. The tip of the coronoid process of the ulna 
fits into this fossa when the elbow is bent up. You can see now that when you have a 
process that is involved in a joint that you have a fossa for it to fit into. 


The olecranon fossa is located on the posterior surface of the bone. It is a 
larger depression than either the radial or coronoid fossa, This is because the ole- 
cranon process on the ulna is much larger and deeper. If you will bend your elbow 
just part way and feel just above the tip of the elbow in back you will be able to put 
your finger ‘into the olecranon fossa. When you put your arm straight out the olecra- 
non process will fill the fossa and you can't feel it. You cannot feel those fossae on 
the anterior surface because the muscles cover them. You can see the olecranon 
fossa on a radiograph as a darker spot on the lower end of the humerus. 


You now haveall the bony structures that are involved in the elbow joint. These 
are the head of the radius, the capitellum and radial fossa on the humerus, the semi- 
lunar notch of the ulna, the trochlea and coronoid fossa of the humerus, and the ole- 
cranon process of the ulna and the olecranon fossa of the humerus. The trochlea and 
semilunar notch provide the elbow with a HINGE TYPE of movable joint. It is through 
this articulation that the force of a fall is transferred up the arm. 


The supracondylar ridges are rounded ridges running from each epicondyle up 
toward the center line of the bone. Some of the muscles of the forearm begin at the 
supracondylar ridges and epicondyles. 


The shaft of the humerus is round and only one structure you need to know is 
present onit. That isthe DELTOID TUBEROSITY (I). It is located on the lateral 
side at the junction of the upper and middle third of the bone. It is the place where 
the deltoid muscle is fastened. 


The medial and lateral epicondyles are located above and to the sides of the 
trochlea and capitellum. The medial epicondyle ‘is the larger of the two. Feel your 
"crazy bone". The knob that you are feeling is the medial epicondyle. The lateral 
epicondyle is located across from the medial bone but is not as large or prominent. 


ald 


The proxime) end ofthe homerus bas the AHEAD (2). ANATOMICAL NECK is, ’ 
GREATER (L) AND LESSER, ae TURREGLES, JBICIEIEAL GROOVE a AND THE 


SURGICAL NECK ce 


3 he head is nenaded seat ie esses at the, superior eee sacfial pdet: of the upper oS 
end of the humerus: tt is always directed medially, Just below the head 3 is a con=— 


atricted indention that runs. around the Bead this is, he anatomical neck. 


The grenres tubercle; is iocated jast: below “the sustnieal neck on the lateral 


side of the ‘humeras, It is the larger tubercle, The lesser tubercle te igcated on the - 

anterior surface of the humerus: directly across from the greater. tabercle. ‘The two - 
“tubercles are separated hy a deep groove whith. is the bicipital groove, This. graove 
“is used. by a partof the biceps brachii. Jat. below the tubercles and the bicipital ~ 
- groave you will find another slightly. conatricted area, This areata known as the aS 


: eens BECK: of the Sprnezs because, this ated ip r drenquently fractared< 


“You should now "hace: what stroctures ‘you sill finds on the inimaek iin aad where: ee 


they are located. You will abways he able £O. tel. which side of the bone is anterior 
and posterior hecatize the dlecranon process ison the posterior surface and the les~ 


sex thbercle is on the anterior suriate along with. the capitellum and trochlea, You | 


will also be wble. to tell which humerus yoo. have; a. tight: or left. by the way the head 
is directed. medially and because of the very prominent medial epicondyle. You will 


not be able to feel the structures of the upper end of the humerus. tod much. because ay 
af the heavy muscles i in. the. area, The humeras is the biggest: and longest bone in Se eh 


upper mpucnee dy oe. 





Figure 4 a6 ‘Humerus - - AP, PA and Lateral Views 
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SHOULDER GIRDLE. The shoulder girdle is miade ap of the proximal end of 
the humerus, the scapula and the clavicle, 


The Scapula. On the scapula (shoulder blade} you will find a number of struc- 
tures, They are the GLENOID FOSSA {A}, ACROMION PROCESS (B), SCAPULAR 
SPINE (C}, CORACOLD PROCESS (D), SCAPULAR NOTCH {E), SUPRASPINATOUS 
FOSSA {F}, INFRASPINATOUS FOSSA (G), VERTEBRAL BORDER {H}, INFERIOR — 
ANGLE il}, AND THE AXILLARY BORDER (J), The scapula is flat, trlangalas bone 
on the f hack of the shoulder Onan tt ees 





Fees on The SEAS rms AP and Latecal Views) 


The glenoid iseea nf the ‘stapala is Xochtied on. the ladew'ad dide of: the booe, it... 
4e dipped ont slightly like the radial Rae and this is where an bead at the a BAReRGF 


axtioulates: wh the Sheds: : = ag & | 


opera Sey The seapalak spine ‘begink. Seon the ‘geudbal: poaberind suriace ok the eines. ye 
tune diagonally up and laterally, and the lateral ead of it apreads out into an obloog 
_. -$racese knowns ax the actomion srocess, Above the spine, as. it runs. through. the = 
scapula ie a large depression that ia the supraspinatous: fossa (supra means above; - 
above the span). And below the spine ‘te the infraspinatous (infra means below; bes 2° 


low the apines . The infraapinatous foeaa covers about two-thirds ae the bone. x 


 Anketior to the spine ;: and joa. ubuve the. glenoid. ionan and slightly. medial ie rs 


it, da the coracoid process, It is a hook-like process that jute out. anteriorly and 


- laterally, < At the base of the eoracaid geaEers accroesist toitis a notch that is known : 


eee the. scapula < notch. ss 


to iadenekand ‘the. bisdere: aid : angie: ar the : prapaie: you. must vealice that. it is. 
placed in the body like an inverted triangle, The: peak-or apex is facing down toward — 
the feet. This peak of the scapula is known ae the inferior angle of the scapala. The 


sides of the triangle are the borders... ‘The side or edge of the scapula that is next to 


the @pioal column is the vertebral border, The aide next to the aren or * acilla rae 


the axillary bordsr. 3 


There are anomber of these stractures: that: you can eee oF feel. “The actomion eee 


can be felt ac the hard bony point om the top of your shoulder, Won can see the out~. 
Hine: ‘of the vertebral border, the inferior angle and you can feel the axillary border — 
Ao some. extent, ‘The scapula lays over the ribs inthe normal. position, kut-you can... 


place yout grm acrass your body and graep the opposite shoulder with your hand and eS 


it will, be miaved to the lateral side of the rib cage. It is in this position that you can 


see the eee werreiead borders. aee: can. alae: feel the: nysen if haat thn EINE ee is? 


MAGES. § acrogs ie, 


“The Clavicle, The “eluvicie 4 the: last. bone. that helps to Torey, ‘the ‘ahoutdaes 
girdle It is shaped like the italic 'F"'.. Youcansee it and feel it aa ‘the: “collarbone! Mi 


: ‘The lateral end {A) of the. clavicle ta ‘the acromial extremity and atticulates with es 
- eromion, process of the scapnla, ’ | ‘This. articulation is known ae the: ACROMIOGLAY 


> VICULAR ARTICULATION, Phe. medial ‘end {B} is known 2s the. sternal vestremityn 0. a 
“Tt articulates with the sternum or "breaaibone'. Qn the inferior surface pf the claz 


wicle bear the acromial mandy. ig a tubercle. This tubercle is the CORACOID THUBER= oe 
 OSITY {C}, tt de diz rectly” over’ ‘the coracold process and there ipa ligament. fastened: Sees 


. Rapes: then. which Holds the acromipclavicular articulation ‘Sogethss: Eteone erates ss 


vid ‘ian: what the phouldue indir is made ap of ¢ AoW. “The head of the tataevoe: 4 
the. pea. pula: swith its ‘ghenoid process, the acromion: process and the acromial end of 


the clavicle which form the roof, makes up the shoulder joint. Thie joint is very. free 


in movement and is known tea BALL AND SOCKET. type of diarthrosis joint, 





Figure 4-10) The Clavicle - - “Taterot View | 


You have now ‘gone Siiisagh the akeléton of the upper extremity, Tt has included 
fourteen phalanges, five fostacarpals, eight. ‘carpals, one radius, one ulna y. one hu-. 
merase, one: scapula and one clavicle, You know the atructures that make up. the fin- 
ger. jointa, the wrist, the elbow apd the shoulder joints, © You know what: order these 
bones: coms in and have aa iden. DE. where r nsy are Apeetaty: Yoo have felt aad - geen 
eneey, of f theas: piructuress - eae APES 


You should be ready 0 now ta Bo ‘on to the] lower extremity, 2 


LOWER. EXTREMITY | 


The lower <Seurosadey Be one. “faot,. oue gable, one leg (bones. bélow the knes), 


= — khee, one: thigh ese ahove the nes) aad: ene # Mee There are Aart bones” ee 


ae = each lower Okey ears: 





| “Foor, The foot has s fourteen - oe < Ss the band. The fou toes ae . 
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three phalanges: the distal (A), the middle {B), and the proximal (C}. The great toe 


se hasonly tyoasin the thumb, distal and proximal, The foot, »showever, has five META- 
| TARSALS instead of metacarpals. Also they are numbered just the opposite to those 


ef din the hand. You start from the medial side of the foot and count laterally. The meta- 


ce ‘tarsal that articalsates: with the great toe is 1, then 2 2; 3, 4 and 5, You can easily feel 


these mictatarsals throagh the top of your foot. The top of your foot is known as the _ 
“DORSUM, The bation: of your foot or the sole is known as the PLANTAR surface. s 
The foot does not have a wrist-type joint, but it does have seven bones that compare — 


to eight carpal bones in the wrist. These bones in the foot are known as TARSAL. 3 


BONES, They 4re the CUBOID {D), FIRST CUNEIFORM {E), SECOND CUNEIFORM _ 


(Ff), THIRD CUNEIFORM (oj, THE NAVICULAR (Hj, CALCANEOUS (}, AND THE 


TALUS {J} as shown im: Re Ada: cae 





Figore doll The Foot 





The cuneiform get theit names ecw this Spctigesietcan: They. areca Ar es Bri ha 


second, and third because they articulate with: the first; secandand third wietaiarsais. aa 


If this is the case, then, the first cuneiform is ou the medial side of the foot aad artic~~ sa 
3 aghates with the bags of the first metatarsal, distally. , The fourth and fifth: mietataréais” = 
articulate. with the puboid bone. The cuboid bone is an irregular oblong «shaped bone —. 


pe the lateral side, pf the foot. The navicular is on the medial side of the foot Bad 


= s articulates with the three cunsiforms in front and with | the cuboid. on the. lateral aids. Se 
8 back it forms an. articulation with the talus. See 3 


| 8 The caicaneoue (os calcie) is the lacyast 3 pone in: the: fost. Fes is the «heel bone: 
and you can feel it. very easily. It articulates with the cuboid zi front, “On top ofthe — 
-‘alcaneous as the talus. The talus Vs the bone that is part of the ankle joint, ie arti~ 

‘tutates in front with: the Ravicalar and'« on its bottoms with SaRREERUAS) ie e oS ) 


Jt is: ine peetank: fox you to see and seatine the peace aha pe: ‘of the: foot, “ope shes 
joints between the tarsal bones “arid not be straight ap AES: down but aneled slightly. Ae: 
away from the ankle joint foward the: toes. Sigere sath ls: e 


aed 


The ankle joint is. manda op of the’ talus bone af the farsais and ‘the lower or dig- 
tal enda of the tibia and fibula. | ‘The: joint: a5 sometimes referred to ag. the ankle mores 
tise hecause it resembles the mortive jointa that aréwaed in carpentry, te aa an BEMts ib 
; eeegusctly. involved ia: PapiEy Ape will ae. oa. bow to the dege, Sees eae 3 


Fs “THE LEG, The ‘ive is the duress ad the: tower: Cab ecaleye: tt Eeatatnes twoboaes. 
The hone on the medial. side ng. the leg ig: the TIBTA; The bone ‘on. the Jateral. side is 
the FIBULA. alas ee as ee ean) haw 20 Hae: ay such « ae nya find in the ip 
forearm. Dae woes ee 





dhe ‘Tibia. ‘The tibia i is othe adgesta dod qersogaer bone in cine ag itis a None 
bank, It hae a ehait and two extremities, tt is triangolar in shape through the shaft, — - 
but spreads put on: each, eae: Phe o eater geragl i is more eptloeabie on 7s. proximal ets 
extremity, See eat ACLS EEN F Ya Sees . : 


The structures you hitien phan ‘on. ‘he tibia a are the. MEDIAL MALLEOLUS (A), ae 


ANTERIOR CREST (B), INTEROSSEOUS CREST (C}, TIBIAL TUBEROSITY (D),ME= 


: DIAL Ae AND LATERAL (EP CONDYLES AND TRE INTERGONDY LOUD: EMOVENCES 
(G).: | 


The medial matledius ts (eaten O, the ra: pide: on the distal end of the: tihia. ie 


It. is somthing - like ‘the styloid process af: ‘the radius. ‘The inferior surface. of the” ov 


_° tibia aad the lateral surface of the malleolus articulates: with the talus to make. the M 
~ apkle. joint: You can feel the medial malleolus ag the Bee on: the: inside of the: ankle 


SS eee: 3% teh 





baat 


Ke “The anterior crest is the shin of your deg... ‘You can feel: it all the way up the ao 
“3 front of your leg, The interosseaus crest ison the medial side « of the bone and bcore 
ee eee ta es interosseous crest of the radios. | ! | ORS aS 


3s the tibial eabewsnity 3 is the Mand just: belay the knee joie. on the anterios ; sur~ a : 
‘Wes of the bone, One of the tendons of the thigh 2 fastens itself tothi. structure, - GEE SS 


‘The tedial and Jatecal condyles are the twa 1 apread out areas on the: proximal aS 
end of the bone, The superior surface or the top: of these condyles are hollowed out 
‘lightly #0 that the thighbone fits into them to: form the knee joint. Between these 
bye condyles: on the ‘Buperior surface. you will have’ bony projections that are called. 


the infers, gadyloid eminences, {inter is between; between the condyles). These inter= 
condyinid: ‘emingaces keep yuar knee joint from slipping from gide to. side. On top of sss 
these condyles are little rings of cartilage that are. ralled MENISCI. “These menisci ae 


| ‘(Mmen-j-aki} help: tomake the knee joint freely movable, lf theyare damaged the bones: ae 
will sub againet each other causing disablement. If they break loose and slp around — 


it would be like sticking a. rod through the back of adoor. You wouldn't be able ta : 


close the door al the a EY and: in » the nee au couldn't bene at or f seeeigites it Se = 
| accent a Pree | Men Sp hy Oks She ee a ge Ee BES eS Ses 


“On the lateral side ot the hea both at the dinal x aoa: pr 3 al: eels you. el Se 





have smsoth little. ateas called FACETS {H).- Pacete are the: areas : Where one bone 

> ‘articulates with another. On the distal end of the tibia there isa facet for the fibula's 
.-* Jateral malleolus. On the proximal end will be @ facet focated oa the lateral and deen 
= 2s suriace of the e Interal rare aga ‘This facet ta tor the head: of the fibala. : 


“The Fibula. The dibata is the dateral ioonnt the lage ik is a. aendes bone with 


a he distal end. abmewhat pointed and the proximal end more. rounded. Each end has 
aa arrowhéad shape. The structures of the fihuia are the LATERAL. MALLEOLUS 
sa {A}, INT EROSSEOUS ¢ GREST le AND THE: HEAD OF: THE: FISULA A) ae shown. in 


E = : see Bigs & ae i ae 





Figure: 4-13. Fibula. - AP and Lateral Views 


4al 


: _. The lateral malleolus is located on the distal end of the fibula. It can be felt 
and seen ap the bump on the outside of the ankle. “This: lateral malleolus articulates. 


with the facet provided for it on the tibia, The interossenus crest is on the medial ~~ : 


. pide of the boue and eorrerponds. to the interossequa crest of the ulna in the forearm, 


S ‘The head of. the fibula ia located on its proximal end, On the medial side of the head AG 
- isa facet which articulates with the facet of the tibia. You can feel the head. on she Bee 


jateral side of the leg just below the knee joint. “You can. Bee it also. 


ees the knee. joint ie mide up of the condyles ak: the tibia and the ‘some. ead. of the : soe 
thighbone.. ‘The lateral bone or fibula doea not enter into structures af the knee joint,. SF ig 
The joint ia. filled anteriorly with the triangular-shaped patella, Iti is othe largest s ges=— oe ES 


4 amotd bone ie the thody 3 Berenot et means se eed". 


“THIGH, “The thighbose is ‘he Femur. Tt ig. the largest, longest and strongest 


ne honk ia the body. Tt has a ahalt and two extremities. The distal extremity helps make 


tp the kuge joint. The structures on the fernur are the MEDIAL (A) AND LATERAL 
 (B) CONDYLES, INTERCONDY LOD FOSSA {C}, POPLITEAL TRIANGLE (Dj), LINEA . 


ASPERA (FE), GREATER (F} AND LESSER (G) TROCHANTERS, INTERTROCHAN- ee 
TERIC CREST {H), FEMORAL NECK A: AND THE READ. OF TEE FEMUR. as ae fe 


~~“ ghown in a Figae Ae the. 





Figure 4-14 The SAUL “ 1 APs PA and Medial Bide Views - 


The condyles are located on the ital end ‘gad setlculate with the. noudyled BES 3 


the tibia. The condyles of the ferur-are round-like knuckles whereas the condyles. De ae 
the tibia are Seprhesed ot their  Siperlar surface 5a a he femur can set dota a theta Sez eee 
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The intercondyloid fossais located on the distal end of the femur on the interior 
and posterior surfaces. The intercondyloid eminences of the tibia go into this fossa. 
This is also the location where some of the ligaments that bind the knee joint are fas- 
tened. 


The popliteal triangle is on the distal end of the femur, too. It is also on the 
posterior surface just above the condyles and the intercondyloid fossa. It is a tri- 
angle area due to the ridges that spread from each condyle and join the ridge along 
the middle of the bone which is called the linea aspera. The linea aspera, then, is 
located on the posterior surface of the shaft. Its purpose is to provide a place to 
fasten muscles. 


On the proximal end of the femur you will find the greater and lesser trochan- 
ters. The greater trochanter is located on the lateral side of the proximal end. The 
lesser trochanter is a smaller more rounded process that is located slightly below 
the greater trochanter, but on the medial posterior surface of the femur. Both of 
these trochanters are used for fastening muscles. Running from the greater tro- 
chanter, posteriorly and obliquely downward to the lesser trochanter, is a promi- 
nent rounded ridge that is called the intertrochanteric crest. You will be able to feel 
the greater trochanter if you place your finger on your hip and swing your leg back 
and forth. The hard area that you feel will be the greater trochanter. The lesser 
trochanter and the intertrochanteric crest are buried under heavy muscle so you can- 
not feel them, 


Above the trochanters is the constricted ''neck"' or the femoral neck of the fe- 
mur. Itis directed upward, medialward and is turned slightly forward. It is impor- 
tant that you remember this. This angle at which the neck takes off from the shaft 
of the femur will be of importance to you lateron. In males the angle is not so acute, 
but in the female it is greater. 


Above the neck is the femoral head. The head is a round hemisphere and fits 
into the acetabulum of the hip bone. On the end of the head there is a small depres- 
sion which is called the FOVEA CAPITIS (K). Inan X-ray you will see it as a tiny 
gouged out area at the endof the head. This fovea capitis is an area where blood ves- 
sels enter the head of the femur. 


The hip joint is a very important joint and is a frequent site of injury. Now in 
reviewing the lower extremity as a whole you will notice that whenever you rotate 
your foot or leg that the hip rotates with it. It is not like the forearm which can be 
rotated without much motion at the shoulder joint. Extend your leg and then rotate 
your foot in and out. The whole lower extremity will rotate from the hip joint. When 
you are lying downyour foot will normally point patency Keep these points in mind 
when you come to your positioning chapter. 


Now you should know all the bones of the lower extremity. You should know 
that there are fourteen phalanges, five metatarsals, seven tarsals, one tibia, one 
fibula and one femur. And you should know what these bones look like, what struc- 
tures they have on them and where these are located. Generally the hip bone is in- 
cluded in the lower extremity, but this manual will place it in the pelvis structure. 


You have now finished the upper and lower extremities. These two areas are 
known as the AXIAL SKELETON, They are appendages of the trunk of the body. 


4-21 
THE TRUNK 


This portion of the body is divided into three regions: the pelvic bones, the 
s pinal column and the thoracic cage. The trunk is an important area to the radiology 
technician but the bulk of it is made up of soft tissue organs that you will encounter 
later. 


THE PELVIS. The pelvis is made up of two innominate bones and the sacrum 
of the spinal column, The shape of the pelvis is different in the male and female. 
The male pelvis is smaller across than the female. The female pelvis is larger be- 
cause of the need for space in childbearing. 


The Innominate Bone. The innominate bone of the pelvis is actually made up of 
three different bones. These bones are the ILIUM (A), THE PUBIS (B) AND THE 
ISCHIUM (C). These bones ossify separately and then unite at the hip joint to form 
the ACETABULUM (D) in which the head of the femur sits (Figure 4-15). 


The Dium. The ilium is the large wing-like upper portion of the pelvis. This 
wide flaring portion of the pelvis is known as the GREATER PELVIS (E). The ilium 
has somevery important structures that you must know. They are the ILIAC CREST 
(F), ANTERIOR SUPERIOR ILIAC SPINE (G), ANTERIOR INFERIOR ILIAC SPINE 
(H), POSTERIOR SUPERIOR ILIAC SPINE (I), POSTERIOR INFERIOR ILIAC SPINE 
(J), GREATER SCIATIC NOTCH (K), AND AURICULAR AREA (L). 


The iliac crest is the top edge of the ilium, It is an important landmark to the 
X-ray technician. You can feel it throughout its entire length. Put your fingers into 
your waist. The bone of the pelvis that you are feeling is the ilium and the top edge 
you are feeling is the iliac crest. 


Now if you follow the iliac crest toward the front it will end in a point. This 
point is the anterior superior iliac spine. As you see it is located on the anterior 
part of the ilium. Directly below it is the anterior inferior iliac spine. 


On the anterior surface of the bone at the posterior edge is a rough oval area 
known as the auricular area, This area is a part of the sacro-iliac articulation or 
joint. 


At the posterior edge of the iliac crest is the posterior superior iliac spine. 
You can feel this by placing your finger at the small of your back. It is in the area 
of the dimples caused by the sacro-iliac joint. And below it is the posterior inferior 
iliac spine. Below the posterior iliac spine is a cut-out area on the ilium that is known 
as the GREATER SCIATIC NOTCH, 


The Ischium. The posterior projection of bone below the ilium is the ischium, 
On the superior portion of the ischium and posteriorly is a pointed process of bone 
that is known as the ISCHIAL SPINE (M), On an X-ray you will see it as it juts into 
the lesser pelvis from either side. Just below the ischial spine is another smaller 
cut out area which is known as the LESSER SCIATIC NOTCH (N). The branch of the 
ischium that is directed posteriorly just below the lesser sciatic notch is the IS- 
CHIAL TUBEROSITY (O). You are sitting on your ischial tuberosities when you are 
seated. By placing your fingers at the transverse folds of the buttocks and pressing 
it slightly you will feel the ischial tuberosities toward the midline of the body. 
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- Joining at the ischial tuberoaity in the inferior "branch! or ramus of the isch~ 
ium, This ramus. forma the dower eee oF” the i itaet and i attached anteriorly 
to the: ‘pubic bone. eS ae 


The Pubis: The antexisr Bone ‘just pelow the. lium j is. 5 the abt owes The pu- 
bic bone has three structures you should know. They are the SUPERIOR. RAMUS {P), 
INFERIOR RAMUS 49): AND THE SYMPHYSIS FUBIS He 


‘The superior yamus ‘eakennlé from the: ius abd runs across the body to the mid- ~ 
line where its medial end takes up the symphysis pubis. The interior ramus extends 
from. the pen poe pritenterix ahd iaterehly.. and meets with the ramus of the 
ischium. gh Ate z . 


~The. fase hole: that de incest by the ischium aed i pubic 4 ‘bones in the palpi is. 
known as the OBTURATOR FORAMEN ({S), Ibis tha largest foramen in. the body. Ir . 
is an Ate pe Rtene atrncture aun he ai techniciag ‘to remember. % , pig ec 





Figure 4«15 The innominate Bane. - AP, Lateral; ‘Superior 
ane Lateral Patan: Views: pier» 
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On the lateral side of the innominate bone, as has been mentioned before, is 
the place of union of the three bones of the innominate bone. This is the ACETABU- 
LUM. The acetabulum is a cup-like depression and is a part of the hip joint. Be- 
tween the two pubic bones, which actually make up the symphysis pubis, is a space 
which is filled with a plug of cartilage. You can feel the symphysis pubis just above 
the beginning of the sex organs or under the pubic hair. It is also important asa 
landmark to the X-ray technician, 


The lesser pelvis has been mentioned briefly, but it is the area at the bottom 
of the pelvis. It is the true pelvis. Pelvis means basin and you can see that the il- 
iums form only a half of a basin where the ischium, the sacrum and the pubic bones 
form a more complete basin. 


You should now have an idea of what the innominate bone consists of, how the 
pelvis looks, the structures that are in the pelvis and where these are located. You 
will go now to the vertebral column. 


VERTEBRAL COLUMN. Thevertebral column of the body. is made upof thirty- 
three vertebrae. These vertebrae house the spinal cord of the body. The vertebral 
column is divided into five sections. Each section has acertain number of vertebrae. 
These sections are the CERVICAL VERTEBRAE, THORACIC VERTEBRAE, LUM- 
BAR VERTEBRAE, THE SACRUM AND THE COCCYX, There are four very notice- 
able curves in the vertebral column that an X-ray technician must be aware of, The 
curves are two anterior. or concave curves in the cervical and lumbar regions and 
the two posterior or convex curves that are in the thoracic and sacral regions. 


Of the thirty-three vertebrae in the column only twenty-four can be considered 
freely movable. These are the vertebrae in the cervical, thoracic and lumbar re- 
gions, The vertebrae of the sacrum and coccyx are fused together and do not move 
separately (Figure 4-16). 


A Typical Vertebra. A typical vertebra of the column will be described for 
you. There are a few vertebrae that differ in structures and these will be given to 
you individually. 


A typical vertebra of the column will have a BODY (A), TWO PEDICLES (B), 
TWO LAMINAE (C), TWO TRANSVERSE PROCESSES (D), ONE SPINOUS PROCESS 
(E), TWO SUPERIOR ARTICULAR PROCESSES (F) AND TWO INFERIOR ARTICU- 
LAR PROCESSES (G). THERE WILL ALSO BE A SUPERIOR (H) AND INFERIOR 
VERTEBRAL NOTCH (I) ON EITHER SIDE, Between each vertebra will be an inter- 
vertebral disc (Figure 4-17). 


The body will be located on the anterior part of the vertebra. On each side, in 
the back of the body, a stubby pedicle will jut out. These pedicles will join together 
with the two laminae, which are directed medially to meet on the midline, to form 
the vertebral arch. This arch houses the spinal cord. At the junction or union of the 
laminae and pedicles, the transverse processes jut out laterally, Also at the junction 
of the laminae and pedicles and transverse processes you will see the superior arti- 
cular process. On the inferior side of the union of these three processes you will 
find theinferior articular process. The superior articular process has its facet facing 
posteriorly while the inferior has its facet facing anteriorly. This allows the verte- 
bra on top to have a corresponding articular process on the bottom vertebra. 
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At the funstton: 4 in the midine; of the laminae there is a cA process Hak 
is directed posteriorly or: straight back, ) 


“This is the general description Bg the typical etructures:: daa on Pxnost vertes. } f 


brae. You will now go. Eatoneh each LT eEien and: wee the Various s differences: from, this 
typeof vertebra, 3 
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gure « 4-11 A Spe’ Vertebra “ ARs PA, Lateral aad: I Superior Views 


The Gervical, Phere are seven. cervical wertebna: “The. first senvical: ‘is “koowo 23 3 
asthe ATLAS, ‘it is different from typical vertebra. Tt is a ring of bone and: hae no 
bady, ‘The sfroctures of the atlas are ANTERIOR. TUBERCLE: {Ay POSTERIOR: TR SS. 


BERCLE(B), TRANSVERSE PROCESS (C), TRANSVERSE FORAMEN (D), LATERAL 


MASS (E), SUPERIOR (F) AND INFERIOR (G) ARTICULAR FACETS AND FACET FOR — 
THE QDONTOID PROCESS (H}.. “AaL these structures are Incated on the anterior halt =: 


of the ring with the ext eption of the posterior tubercle, This. tabercie i is located on the _ 
midline, af the ent eriey halt of the FARR on the auteide: surface. (piguce base 


aS 


The anterior tubercle is  Yooated On the anterior external surface of the ring. _ 
Jast behind the anterior tubercle | om the internal side of the ring is the facet i for. arti- = ; 


culation of the odenkoid Bineets of. SBE. second cervical vestebra, ao 


Sitting ‘icgade: the anterior “a8: posterior hives ad the ning are Ke “Gatekad: 
masses. On these masses you will find the trangyerse protess jutting laterally from 


the mass. In this transverse process, close to the ring, is the transverse foramen. 
The cervical vertebrae are the only. vertebrae that have foratien in their. transverse So 
processes, On the superior surface of the. Jateral masses you find the superior arti- 
cular facets that articulate with the condyles gf the skull, Directly beneath them on — 
the inferior surface of the lateral masses will be. the interior articular faceta that 3 

ee aetiate with the second cervical, 





2 = SS | Figare 4-18 Atlas - Superior, AP and: Lateral: Views 


phe. wecond cervical vertebra is known. aR: ke AXIS. “te. ‘Stee varies dere wes: 


ieee vertebra, Theaxis has a few structures you should know, ‘They are the ODON- 


"TOD PROCESS (DENS)(A) AND A BIFID SPINOUS PROCESS {B).. The spinous pro- . 
-. ess is wider and heavier ‘on the axis than on any other cervical vertebra. It is split 
Pe “at the end into two prongs or is bifid, Only the cervicals have bifid spinous proces- © 
he es oes. “The odontoid process is located over the body of the vertebra and projects up 
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‘oato the Sater nal aurface of the atlas. There it articulates with the Beg on the in= 
ternal side of the ring opposite the anterior tubercle, A ligament, the Rr AHEY REDS 
clceeins rons ‘behind the odontoid excseee: meioe * es in Bite (Figare a TBI; : : 





"Figure eek? The. Axis ~ - Superior, AP and Lateral Views) 


The iher Hesetety the thitd, fourth, fifth and ate are all about pita: _ They 
have foramina io the transverse processes and bifid apinous processes, The spinous 
‘processes. are bent: downward more: than straight out like the other three, Also the -— 


body of the retvical vertebra. bas ebay overhanging lip ox the Sottotn anterior edge. that es 


fits over. a depression on the Loge ot the vertebra below tt, “The seventh cervical ver~— 
| tebra AB different because. it: bab: a sane apieoue pepeere that ae not bifid: or apt, 
ve And 20), 2 . Bee ee 


Whe Thoracic. ‘There are twelve ariehrae: inthe Wocseie ‘ping. The thoracic x 
“apine continues from the tervicale. They have all the tyice structures, as well oe seas 
a few variations that you should Seen yee erianke on eve : 


The top font thoracic vertebras. have. some elighe gercieal fentaréay, The four 
middle. vertebrae are "typical vertebrae!’ and, ag “you will see: later, the last four — 
have featurés: of the lambar areas. ‘Each of the thoracic eertebrae articulates with the . 


AnZB 


ibe here, are facets for these articulations on the bodies and the transverse pro- 
cesses, The first thoracic vertebra has a facet on the posterior lateral side of the 
body which is placed just below the superior surface of the body, On the inferior edge 
of the first is another facet which forme a half facet, The other half is on the verte- 

bra below it, ‘These facets are found down to the tenth thoracic vertebra, ‘Only the — 
tenth has a facet on the ‘superior ‘edge, Also the eame thing is seen with eleven and . 
twelve, but the facets are found on the pediclee and not on the body. The angle of the 


ae spinous. process is only about 45 degrees: in the first four, The angle in the middle | 


four is ‘greater in the downward direction and overlap each other somewhat. The last 
four spinous processes rexembie the lumbar’ spinous processes by being wide and 
projecting back without such agreat angle as the upper eight. You should notice also s 
that the bodies of the middle four vertebrae are deeper in the posterior half and nar- 
‘row or not as thick in theanterior half, The superior and inferior articular processes. 
of the thoracic vertebrae are angled very little froma’ straight upand down line through 
them. This vertical position of the facets progresses as you come down the. thoracic — 
vertebrae. ‘This - is. a Seaportent for 108 ‘to. remember wheao. you have to take a film. of 


2 ehe articulations. & 





Figure 4-20 The Third, Fourth, Fifth, Sixth and Seventh Cervicals 





Figure 4-21 Thoracic Vertebrae,~ AP and Lateral Views 


‘The Lumbar, There are five vertebrae in the Lumbar region of the vertebral 
column, These vertebrae are larger for they bear a great deal of the weight of the 
body. basal are fitter et Exar the, other vertebrae satay: because of ehete. wide, 





are? 


thick and short spinous processes, These processes stick straight back from. the aT 


vertebrae so do not have the downward angle that ia seen in the thoracic. The supe- 
rior and inferior articular processes: are almost vertical with the. ‘slight exception OE 


the fifth, And. opposite te the thoracic ‘vertebrae, the bodies of: the ‘fourth and fifth » 


lumbar vertebrae are thicker from top to: ‘bottom 4 in x front and narrow from See. to 
‘bottom in the back {Figure nA Se CO SO ee IE Ie se 





Figure azz Lumbar ‘Vertebrae, - AP and Lateral Views 


lt ig: in the ecbar Sogied that” tba ppoak’s éGrd Bocas to foriuate: . The spinal 


cord ends at the level of the second lumbar vertebra into a structirep! the cord which (055, 
resembles the tail hairs of a hotse. Because vf this it is known as the CAUDA (E+ 00° 
elk ‘QUINA (canda THeans tail and equina means horse). Tt is also in. the lambar- region 


A ‘below, the cauda eguina that "spinal ponctures" are performed, You will: see thie: nie= 
 thed of putting vests ot the Rpeey ko epee a Benes HOARY: times. SDS e se ! 


The filth fens vertebra is important to the technician, It forme: a past, of the aon 


o.  LUEMBRO-SACRAL JOINT OR ARTICULATION, It is in the lumbar Tegion that the 6. 


% Mow back pain" originates quite bind and. yee will be called eee a ers ttany ie 
: ee ta examine this region, eae: ! 


SAMI Nat ‘The Sacrum, The strnckinnwe you abode: knoe on the sacrum are : the. BODY a, = ok. = 
Re SUPERIOR ARTICULAR PROCESS (8), ANTERIOR SACRAL FORAMINA {C}, SPIN- eas 


OUS TUBERCLES (D), AURICULAR AREA (EF), BAGR AL MANY (F) AND SACRAL 
HIATUS (Gh as Shown in ree at 


The sacrum  containg tive vertebrae. In the adult thege vertebrae are fused * 
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together and form one bone, This. ‘bone ia triangular in shape with the apex OF eek : 
toward the feet, The base which is on the. superior surface of the hone ;. arHeulates: = 
wats she Bh Aumbar: bee pooness seed Yenabanwaccal articulation. | eeoninate 





Figure 423 ‘Sacrum - PA View a 


oa 


“3 “the Body. ti more prominent at. Sie top of the. sacrum a0. that. the Hage of er’ 
‘fifth lumbar cat articulate: wih He The aacrum, however, is angled back from. the 
rest of the apine. and is. carved, ‘The paperior articular proteases are on: either pide 
of the body on the superior surface atthe bone, The facets face posteriorly. fa arti- 
- ‘gulate with the inferior articular facets OK the fifth lambar.- The. anterior sacral fors 
amina are the holes that you ‘ses on” the front of the ‘bone,- “There are four on either 
mites When youre see the negaeriog § euriice at the hore, Fay: are 2 the postorine: AOA RRIRE } 


: The. teisoua tubercles ave on. he. Gawierio®. guvtace Be tog wacrant in ‘the id en 
line. They: represent the spinous procesaes of the sacrum, On the wuperior, anterior haa 
aod interal edge of the sacrum is the auricular area. This ie the toughened area on 
the sacrum which atticulates on the auricular arsa of the ilium totconiplete the sacro- 

iliac joint or articulation, There is. a plug of cartilage between the two bones so when - 
this joint is examined there will he 2 space showing between them, The sacral canal 2 
is on the posterior surface of the gsatrum in the midline. The spinous tubercles form: zs 
the back part of the hollow canal and the body of the sacrum the front part. This ca- 
nal spreads Rt about the betters Of the third nepp sat of the sacrum into a trtangular 28 
aepree sion known as the sacral hiatus. . | A 


The Coccyx, The coccyx consists of foi vertelene!, These also are fused to- 
gether to some degree, They are the ''tail end" of the vertebral column, | The Facey See 
takes a slight curve that is oppoaite | to the | sacrum. | a 


Location of Vert ebrae,’ Now it ig fine to know that there are: thirty-three verte. 
brae, but the question always arises for the technician as to just where can he find 
these as individual vertebrae, Ie is sometimes necessary that you examine. these vers | 
ssuras by themes vex 3 ORL 
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The cervical vertebrae are fairly easy to feel posteriorly. You can feel the 
spinous processes. The first and second cervicals can be located through the open 
mouth and they lie at the level of the angle of the jaw when the mouth is shut. The 
fourth cervical can usually be found directly under the ''Adam's apple", 


The hollow in the throat will provide you with aclue to the first and second tho- 
racic vertebrae. You can also count down the ribs and follow them posteriorly 
through each thoracic vertebrae. The fourth, fifth and sixth thoracic vertebrae are 
on the level with the axilla or armpit where it folds when the arms hang down to the 
sides. In the average male you can use the nipples to locate these vertebrae. In the 
fernale this is not possible. Theinferior angle of the scapulais in line with the seventh 
thoracic vertebra. And you can locate the ninth and tenth in the area of the xiphoid 
process of the sternum, which you will learn about soon. 


The lumbar region will extend from the lower two ribs toa little below the iliac 
crest. The upper two lumbar vertebrae can usually be located by placing your fingers 
to the under edge of your lowest rib and drawing an imaginary line from the lateral 
side straight across to the vertebrae. The third lumbar you can find in the area of 
the belly-button or umbilicus on people of normal weight. You could not use this me- 
thod on a fat person. At the level of the iliac crest you can find the fourth lumbar 
and one inch below the iliac crest you will find the fifth lumbar and the sacro-iliac 
joint. The sacrum you can feel. You can also find the center of it by finding the 
anterior superior iliac spine on the ilium and drawing an imaginary line across to 
the midline of the spine. The coccyx is found at the beginning of the crease of the 
buttocks. These locations will vary from person to person, but are generally ac- 
curate enough to locate vertebrae you want. 


THORACIC CAGE, The thoracic cage is made up of the thoracic spine, the 
ribs and the sternum. There are onlya few things that you must know about the bones 
in this area. The structures making up the thoracic spine have been discussed, so 
let's find out about the ribs. 


The Ribs. YOU have twelve PAIRS OF RIBS. Women and men have the same 
number. The ribs have a shaft and two extremities. The first seven pairs of ribs 
are called TRUE RIBS, This is because they articulate with the vertebral column 
and the sternum. The last five are known as FALSE RIBS because they are connect- 
ed by cartilage to the sternum. The last two ribs of the false ribs are known as 
FLOATING RIBS because they do not have a cartilage connection to the sternum. 


Each rib has a vertebral extremity, which is posterior, and an anterior ex- 
tremity. The posterior extremity has a head which articulates with the facets on the 
side of the body of the thoracic vertebrae. It also has a tubercle which articulates 
with the facet on the anterior and lateral side of the transverse processes of the tho- 
racic vertebrae. The anterior end of the first seven are connected to the sternum by 
cartilage connections which join together and are directed upward to join the sternum. 
The last two have no anterior connection (See Figure 4-34), 


The ribs slant downward in an oblique direction from the back to the front, 
This is important to remember because the anterior end is going to be lower than 
the posterior end. You cannot be certain of getting the right thoracic vertebra if you 
use the anterior end of a rib to locate it. 
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Now when you take in a breath notice that the ribs move up and outward. This 
does raise them a bit so that they are more horizontal. The X-ray technician needs 
to remember this little fact. 


The Sternum,. The sternum is the "breastbone". It is made up of three sepa- 
rate pieces. These pieces are the MANUBRIUM, THE BODY, AND THE XIPHOID 
PROCESS, 


The manubrium is the superior part of the sternum, It has a notch on the top 
of it that forms that hollow at your throat. This notch is know as the manubrial 
notch or jugular notch. On either side of this notch on the lateral side there is an 
articular area for the sternal end of the clavicle. This joint is known as the sterno- 
clavicular articulation. Just below this joint is a facet for connection of the carti- 
lage of the first rib. This facet is found on both sides. 


The manubrium is connected to the body. At the union of the manubrium and 
the body is a facet for connection of the second rib. This connection between the 
manubrium and the body is known as the sternal angle. This is socalled because the 
body angles back slightly so that there is acurve on the sternum. On the lateral side 
of the body there are other facets for the connection of the other true ribs. 


On the inferior end of the body is a pointed piece called the xiphoid process. 
You can feel it in front just where the ribs come together. No ribs are connected to 
it. 


You can see the ribs fairly well in many people. The sternum is superficial or 
right under the skin and can be felt. You can see the notch and feel the xiphoid. 


This completes your study of the trunk of the body. The next section will take 
you into the study of the skull or cranium. Because it is a little more difficult to 
visualize you will have to study with care. Be sure to use the photos and the radio- 
graphs. The skull is an important structure to every technician, 


THE SKULL 


The skull is not round as many people tend to believe. It is oval. In radio- 
graphy you must be aware of the three various types of skulls which you are to en- 
counter (Figure 4-24). These three types of skulls are: 


@ Brachycephalic Type - This head is broad from side to side, short from 
front to back and shallow from top to bottom. 


@ Dolichocephalic Type - This head is narrow from side to side, long from 
front to back and deep from top to bottom. 


@ Mesocephalic Type - This head is the average between the two above 
and is considered to be the most frequently 
encountered, 
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— MESOCEPHALIC: | DOLICHOCEPHALIC BRACHYCEPHALIC. 





“Figure eee. ‘Skull ‘Types a 


“In the skull there. are c twenty-two bones. ‘There are. foartesn facial bones 2 and | 


sight cranial ‘bones. * eee a es . cs eee = = ce a 


‘CRANIAL BONES. ‘The caigbthi hind of ihe eeeudita are ihe FRONTAL BONE (Ale 
‘TWO PARIETAL BONES {8}, THE OCCIPITAL BONE (Ch, TWO TEMPORAL BONES | 


(D), Oe SPHENOLD ROME, aCe AND THE ETHMOID BONE AF) as shown in Figure, . a os : : 
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Figure: 4-25 The Skull. Taberats Posterior: and {Internal Base Viewe bit 


The. Frontal Hoan The frontal bone is ‘the bone: that fine imaae: your dvabeoass 
it forms your forehead and the upper bone ehelf of your eyes or oFbita, Its giructares 


are ‘the ARCH le. FRONTAL PES (By. SUPERCILIARY RIDGES: ACh THE eS 
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FRONTAL SINUSES is AND ee SUPRA-ORBITAL FORAMEN (E)as shown in Fig- 
eS. dn eb. pee ea: ! | 


7 The seek ig that part’ which axbende up to. form. the forehead. On this front pints | 

on the outside of the bone are two. slightly rounded prominences. on the bone,. These 
are the frontal eminences, They are just above the eyebrows. Right. under the eye- 
brows you will feel a hard ridge.’ These are the supe rciliary. ridgea. ‘Inthe center — 
between the eyes and just above the root of the nosé is an area that is known as the — 
glabella. Directly behind this glabella area you will find the frontal sinuses. | ‘These a 
sinuses will be described more banca later on. | ; : ‘ 





Figure 4-26. The Frontal Boue- ~ AP View and Frontal Sisupes eae 


‘The Parietal Bane. There: are two period Gunes one on antes ida. ‘of the hae; Me 

They form the roof <fthe skull, There are no important atructures on them that the 
radiology technician must know, ‘There is 2 slight prominence on the lateral poste- © 
rior surface that is aoe as the parietal eminence and aometimes thereis = foramen = 
near the suture line. If ¥ou. wil, feel the top aide of your head you will notice a slight 
bumip which is parietal eminence, Both boner i aerieudate with ne frostat bone 4 in front es 
and with: the occipital bone $n: back,’ . Ts S 


The Occipital ‘Hone, The occipital Sour is the bone at the back of your head. 
When separated from the skull it resembles a scoop with a narrow anterior neck for | 
the handle and the: wide flaring acoop making up the back of the head. It has a number 
of structures both on the inside and outside surfaces of the bone. Those structures — 
on the olitside or external purface are the SUPERIOR (A) AND INFERIOR (B) NUCHAL 
LINES; EXTERNAL OCCIPITAL PROTUBERANCE (C) AND THE OCCIPITAL CON-  . 
DYLES (BD), On the inside or internal @urface are the FOSSAK FOR THE BRAIN (E}, | 
THE INTERNAL OCCIPITAL PROTUBERANCE {F), GROOVES FOR THE TRANS- — 
VERSE (1},. SUPERIOR. SAGITTAL {2) and OCCIPITAL SINUSES (3) (G) as shown in 
Tes 4-27. - 


The iandle of the occipital bone is known as the. BASILAR PORTION (Hj), The 
antetior edge articulates with the sphenoid bone. it has a groove on it for part of the — 
REaSE. atern sa passes across it, . Directly hening the basilar parts of os @ peciitat 
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bone'is the largeat foramen in the head, This forammen-is.the FORAMEN MAGNUM | 
ate pee bis hole the: spinal OES enters inta the vertebral Sethe, Hk 


ae scoop of the occipital | Sone te called: the ‘SQUAMA De. Seat relere | to. oe , 


2 vacate, A Ee: esembles. aes scales of a ‘Geb. SSE Se 





eigore 4-27 The Occtateat Bone: - ee Lateral and inferior Views 


The superior and inferior onchal lines are vlages of s the back lower part of the 
occipital squama. Between these lines: and in the midline of the bone is the external 
occipital protuberance, Youcan feel this bump at the back of your head, These strac- 
tures are used for the attachment’ of rayacles which keep your head from falling onto - 
your chest, The occipital condyles are on the inferior surface of the bone near the 
anterior edge of the foramen TTA AONE 5 These. condyles arricutate with: ‘the BUparsie | 


APRS RS. facets of the estas, Aeak cervical vertebra, 


The iossin tov the besin are divided inte four areas by grooves of the trans- 


oS wepee, superior sagittal and occipital sinuses, At the junction of these sinuses in 


ge the midline of the. bone is the sategnal eeripeat protuberance: se 


The teowial; fa cietsin 3 cud vecipical bones are ‘the staple bones of the Mall: 


_The more complicated bones of the skull are the temporals, the sphenoid and the eth~.- 


moid. They are not ae pantly visualized so care cease be taken while 36s are atudy~ Ny 


ae them. 


‘The Tem val Bones, There are two Eeinoeal hoaeas The bacspovat bones are 


ander the area uf the ear, “They: house the hearing organs and the structures that give ... 
you your: gense of balance. The. temporale have a number of different structures that — 

you will be required to. “Xeray. ‘These’ stractures are found in five different areas. 
>The areas. are the mastoid see the petrecs (ede squamous (3), tympanic (4), and sty-. 





loid (5). 


The sqhamous area is the faving sipauiad upper portion of the temporal bone. 
It is thin and articulates with the parietal bene at the tup and the ephenoid bone ante- 
tiorly.. Ou the lower Err of the: SORES ig a projection known asthe zygornatic pro- 


43h | 


cess {A} of the temporal bone, This. process pcb anteriorly and: joins with the 
zygornatic. bone to form the zygomatic arch. You can feel this arch on the side of. 
your face as the cheekbone. Extending behind the zygomatic. ‘process . posteriorly , 
‘is the supramastoid ¢ crest (8). Ir runs MP pipers. < on the PORTEEAEE, Fass of the pan 
‘ma Ae laere et oe SF RES 7 





- Figure 4-28 ‘Parte of. me Temporal BBGe: 


The: pottoue: area ut ie besporal bane | as Souk on the inside ‘af the ekull, “tt ele 
“usually called the petrogs pyramid ox: ‘peEtrous: xidge (Cy, Tt houses the hearing ors. 
gars, This plece of the temporal- bone is wedged. into the base of the skull and runs 
anteriorly and toward the midline of the skull, Jt articulates with the occipital 
and. aphencid bones, The petrous pyramid isthe densest bone in the skull, On a Tadio- « 


oe tt wih show Aa a white mass. oe 


The ppd: portion. (D) ne. the temporal Boae: is es eed: pack: af the none in’ 
front. of the mastoid. process, lo this area you will find the hole of your ear. ‘This 
hole is known ae the EXTERNAL. AGGUSTIC MEATUS (&), As thia channel goes in= 


= “to, the bone ancd into the petrous pyramid it: becomes the INTERNAL ACOUSTIC MEA~ 


TUS (F). As the channel hroadeas out. to. form the structurer of the: iniddle. ear a ans 
cavity is foand. that is known, as the Ayrneaals ants or. oe ee a! 


The mastoid portion of the taniparat bone is in the. lower sncibmekie part of the 7 
bone, * You. can feel it just behind your ear, Tt isa process that, has numerous air. se 
cells in it, More air cells form as a ‘peraon grows older ag yo may not BOR snaty 
cello. in the. pee be the tia stotd of Eyonag childr en. 


4-37 


It is because of the air cells in the mastoids and the tympanic antrum that this 
area is so frequently radiographed. Infection in this area can get into these indivi- 
dual little cells and there is difficulty in getting it cleared up because of the many 
places in which the infectious organism may hibernate. 


The styloid area is on the inferior surface of the temporal bone. The styloid 
process (G) of the temporal bone is found there. It is a spine of bone directed down 
and anteriorly. It is the place for attaching some of the muscles of the tongue. It 
lies just beneath the hole in your ear. The length of the styloid process will vary 
from person to person. Just anterior and lateral to the styloid process you will find 
a fossa for the insertion of the condyle of the mandible. This articulation is known 
as the TEMPOROMANDIBULAR ARTICULATION OR JOINT (H). Place your finger 
just anterior to your ear and then open and close your mouth, What you are feeling 
is the movement of the mandible condyle in the joint. 


The Sphenoid Bone. The sphenoid bone of the cranium is a bat-shaped bone 
with two wings and a body. Itis located anteriorlyto the temporal bone and the basi- 
lar part of the occipital bone. It has a number of structures that you should know 
about. These structures are the GREATER (A) AND LESSER (B) WINGS, OPTIC 
FORAMEN (C), SELLA TURCICA (D), THE SPHENOID SINUS (E), LATERAL (F) 
AND MEDIAL (G) PTERYGOID PLATES AND THE HAMULUS (H). BESIDES THE 
OPTIC FORAMEN THERE ARE THREE OTHER FORAMINA ON THE SPHENOID 
BONE. These are the FORAMEN ROTUNDUM (I), FORAMEN OVALE (J) AND THE 
FORAMEN SPINOSUM (K). The sphenoid also forms, at the lateral posterior side 
of the body, a part of the FORAMEN LACERUM. All these foramina are used for 
passage of blood vessels and nerves (Figure 4-29). 


The lesser wing of the sphenoid is on the upper anterior surface of the bone. 
As the wing joins the body of the sphenoid it sends out a process known as the ANTE- 
RIOR CLINOID PROCESS. Beneath this process lies the optic foramen, This fora- 
men is directed anteriorly and laterally. It is used for passage of the optic nerve to 
the eyes. There are spaces between the lesser and greater wings that are known as 
the INFERIOR AND SUPERIOR ORBITAL FISSURES, 


The greater wing of the sphenoid is inferior to the lesser wing, but sweeps up 
on the lateral sides until it is above the lesser. This part helps to form some of 
your temple area. The greater wing of the sphenoid houses all the foramina except 
the optic foramen, 


Sitting between the wings is the body of the sphenoid bone. On top of the body 
is a structure known as the SELLA TURCICA, It is shaped like a saddle and is the 
location of the pituitary gland of the body. The front of the saddle is made up of the 
anterior clinoid processes. The back of the saddle has a piece coming up with two 
little processes on either side of it. This is called the DORSUM SELLA and the pro- 
cesses are the POSTERIOR CLINOID PROCESSES, The sella turcica and its struc- 
tures are very important in many instances of disease. It will usually be found about 
one inch above the external acoustic meatus and one and one-half inches anterior to 
it. 


Within the body itself is the sphenoid sinus. Below the body you will find the 
tail of the bat with the lateral and medial pterygoid plates. They flare out from just 
beneath the greater wing as it connects to the body of the sphenoid. The hamulus is 
the most medial section and extends below the plates somewhat. 
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Figure 429 The s Spheaoid Hane: - PA, Inferior, Lateral and Superior Views 


“Sw eee Ethmotd 3 Hone. Filling: in ‘the aiterior middle. dace of the akull ip ‘the eth- 
moid bone. It articulates posteriorly with the sphenoid. i is located tight behing 
the fosé and at the bottom of the frontal bone. It has a CRIBRIFORM PLATE (A), | 
“PERPENDICULAR PLATE, CRISTA GALLI (C), ANTERIOR (D}) AND POSTERIOR ; 
| (E} ETHMOID SINUSES AND A : SUPERIOR AND MIDDEE CONCHAE Woe AeAOye 





Figure 4-30 Ethmoid Bone - Superior View 


The cribriform plate has many foramina on.it for the olfactory or auiatiiag ee 


nerve fibers. On the anterior superior surface is the crista gaiii which is shaped Piarheee 
like the trisogular sail on sailboats, On the inferior surface you wilh find a thin plate ©. 


which iy the perpendicular plate of the ethmoid. « It: helps $e up the superior — 
and posterior paxt of the sasal, gepturn, 4A septum is a dividing wall of tissae, bone — 
or cartilage). The ethmoid sinuses are found on either side of the cribriform plate.” 

The bone helps make tp some of the walls of the orbit, tao, ‘Beneath the. ee ca 
mpperios and i middie conchae curl some tke potato chips, . : | 








Coane Sulina. kes you isles ‘aiseidy. the coieutatlona ot bie skull are oy ve 


movable and are of the synarthrosia type of joint, ‘These articalationa are called 
autures in the ekull. The suture between the frontal and. the parietal bones is known 
ae the CORONAL SUTURE (Aj The auture that extends down the middle of the head 
between the parietal bones ie the MID-SAGITTAL SUTURE iB), The point where the 
niid-sagitial and coronal sutures teat is known as the BREGMA. ({C), The sature 


dividing the parietals from the occipital bone ig called the LAMDOIDAL SUTURE (D), 


The: point where the mid-sagittal suture and the lamdoidal suture mest is known as the 
TAMER ES (2) as. shows in TE 4-31, fe ok 





Figure 4-31 SEAS) aR PES 


in young infants these autures are not closed and - there are epaces filled with. 


cikeibianes connecting the more solidly formed bone. These are celled FONTANELS. BD 
Notice on the next smali baby you see ‘how depressed the top of the head is where the’ SR 
frontal and the: parietals meet. ‘You =Ses algo pee the en the apt skagt to: ie gine 


ane blood. vesoels Beneath 4 ite ae Pee 


ou: have now learned ebnat the frantad, paristale; wogiplial; Vrcipacaday: ities 
noid and ethmoid bones of the skull or cranium. These as you now knowform the 
brain box, In the box you will notice three levels. The high or anterior level ismade 
#8 of the frontal bone which tnclodes the a nneeriet vart® of the erhite. the ethmoid Bante ci 


saree 


‘and the sche: wing of the sphenoid. The middie level is formed by the greater wing - 
| ‘and the sella turcica of the ephenoid with some help from the petrous ‘pyramid of the - 
teraporal bone, The posterior ox lower level ie formed by the occipital bone, Fhe _ 


base of the skull ia formed by ‘the. eecipital, body of the sphenoid aad ite wing, and 





the ethmoid. The sides of the skull are formed by the temporal bones in connection 

with the lateral sides of the accipital boue and the lateral part of the sphensid oa 
er wing). The top of the skall is formed with the squama of the frontal ‘boas ead: ee 
twa Bark kerel bones. Now yOe wilh Lcentinas swith: the facial bones. a PSS eS 


“FACIAL BONES, these: are. foccbest baaee in the aces | ‘These Sines: ‘are the 
"NASAL BONES (A}, LACRIMAL BONES (B), THE VOMER (C), INFERIOR NASAL — 

CONCHAE (D), ZYGOMATIC. BONES a PALATINE BONER), THE. MAY BA net f 
2 AND THE MANDIBLE: (Gh Ataa4 sp eet Oa ie 





there 3 are two nasal heiaane: ‘These BokeR are devanated by 2 a suture b anttag bes Be. 

- tween them and they articulate. with the frontal bone. Just below. the nasal bones and 
(get in where the internal corner of your eye ig, you: will find two lacrimal bones. — 
‘They are atoall. and help form,’ part : of the medial wall of the orbit. ‘The two zygoma=— oe 
“tic. hones are found at the point of the cheek, They form: the lateral side of the orbit. 
if you will take your finger and feel the outer corner of your eye you will feel the — 
‘zygomatic bone. ‘It haa a slight. projection posterioriy — go that it meets the zygon~ fs 
TBthE: See eee of, the entre bone: te a CORRES the eSrarmeny. aeche Lares Y 


“The ela a are he tre , bien of the upper jaw. ‘They & Kcuce the  ddastiagy 

, sinuses, On the: lower edge, where the teeth are inserted, is the AVEOLAR PRO- 
CESS. At the superior edgy. paat: below the orbit ia a forarnen, This foramen is 
the INFRA-ORBITAL FORAMEN, The maxillae help make ap the bottom, flove. of Oe 

| orbit ang the lateral wall Ae the naan cavity setants 4- athe s os 





Figure Bn 52. Rasigt Bones 


The vomer bone is a thin lakers bone sites: atid deen the « naadl: nepeu. ‘The 
vorner bone forms the lower. part, aud the perpendicular plate of the ethmoid forms 
: _ the: Bere coe aa ies, in a ThE midline se the nasal ay ip ertcse a 
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- The palatines 2 are +ee bones: found at. the’ bank: ofthe nasal cavity, These bones : 
help form the roof, af the south, ‘They are sandwiched between the m eteeyante Pras ee 
cesses of the spbesoid and the OTAR 6 Oe nine Taree ae 


“The iafoicx ‘nasal “conehas: are two potate chip type: of. hones that « come eum : 
the lateral wall of ihe sagal FAHY | : 


The bigest a the face. is oor mandible: Tt is the inwer: jawe ht hae ‘3 body: : ia 


i tay and -wo rami: {Bh The mandible, jast ae the maxilia, has an. aveclas: process. — - 

os The iiandible ds sometinies separ ‘ated in the midline by a suture, but generally this ~ 
“oS Pe pe: open for long after birth, It is known as’ the MANDIBULAR SYMPHYSIS (C), 
On either side of the bady. i La a foramen, ‘This foramen. is the MENTAL FORAMEN. at 
4D). This foramen is an outlet fora canal) known an ‘the: MANDIBULAR: CANAL {BE}, 


Oe: Srayan this canal can be seen ae a a dark, line erussteg slnen the body Pigier 498) 





Figure 4-33 Mandible ~ APs, Lateral aad PA Views 


The vamua of the qnaadible extends apsacsically. fe enk. the ody. At the topedge » 
you will see two projections with a goteb separating them, The anterior projection 
is the corenoid: process (F) of the magdible, - The ‘notch in the mandibular notch (G}), 
The rounded process that is poutertor to the’ notch ia the condyle (H} of the mandible. rae 
This condyle fits insta the mandibular fossa of: the temporal hone to form the. BROS 
romandibular joint. ‘Below the condyle. ia a sonatricted. area that +s the neck Me 


You have now completed the study of the indévidaal bonee i in the body. ‘You have oe 
learned a number of different structures which you will uge in identifying positions. a 
You will be required to have more knowledge of the bones in this work, bot they are. — 
only one part of the overall structure of the body. The skeleton is a dys 





mic piece —— 


of engineering, The relationship of each of its parte is the ultimate in leverag ean 


support design, Knowledge of the gkeletal system is an important beam in your frames 2 


work of anatomical knowledge. ‘Look at it in completion go that you can visualize tte 


entire sonstraction. Notice the relation of each structure to the other ieigure: 4-34). par 
The diyitalogy and stractare. of the other ayyeterin of the Beaty | must tie’ ‘koown: oe 
to the X-ray atudent, He will find: that special examinations will reveal their out- 
lines and functions so that he must be aware of the structures and actions of the cir- 
culatory, urinary, digeative, central nervous system, ‘respiratory and reproductive 
systema, You will léarn the stractures of theae systema, how each organ is related © 
to the others and the ways in which these organe contribute to the entire aystem, - 
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oe SYSTEM 


The blood vessel system. 45, a ikesed: saecalation af the blood in vesseis - Sniek = S z 
“begin at the heart: and extend to the. arteries, the tapillaries, and the veins, This — 2 = 
‘clased system of: babes, called ‘blood vessels, circulates the vital oxygen-Carrying a 


blood to/all parts of the body, The heart 1 Aa rhe muscular ee: which, Pear an 24 
blood Hones Y se Nisable. see 7 : Rie 


THE HEART 


en The. east is a haliaw ghikeling | argan ta tie Suterior part of. ae: cheat: bebiad 7 
fe the sternum, ‘It extends from. about. the second xib- interspace to the level. of the fitth. S 
--s space, It is about the sizeof the. closed ‘fist: and Tresemblea a strawberry in shape. 
es The base of the. heart is ‘directed upward toward the neck and the apex is pointed . down~ 


- ward, laterally and forward, More than two-thirds of the beart ia to the left of the Ss 


midline of the body. 


ie om . hs AS a Mage 
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Figure 4-35 The Heart -) 
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Inside, the heart is divided into chambers. There are two atria and two ven- 
tricles. The heart has two sides, the right and left sides with an atrium and ventri- 
cle for each side. The wall of the left ventricle is thicker than that of the right be- 
cause it does more work, 


Between each atrium and ventricle are the valves which control the blood into 
each chamber. The tricuspid valve is between the right atrium and right ventricle. 
The pulmonary or semilunar allows the passage of the blood from the right ventricle 
to the pulmonary arteries. On the left side of the heart, between the atrium and ven- 
tricle, is the bicuspid valve. And from the left ventricle to the aorta is the aortic 
valve. The aorta is the main vessel that carries blood away from the heart. 


The heart muscle contracts with a wringing motion that squeezes the blood into 
the vessels. It begins in the atria and passes through to the ventricles. The normal 
heart rate is about 72 beats per minute. This will vary according to sex, weight, 
exercise and temperature, however. The contraction of the heart is called the systole 
and is the period of work; the period of rest or relaxation is the diastole. Blood pres- 
sure is the force your heart exerts to push the blood through the arteries. The high- 
est pressure is called the systolic blood pressure because of the contraction of the 
heart. Some blood pressure is present all the time even during relaxation of the 
heart. This is the diastolic pressure. 


The normal blood pressure for a young adult is: Systolic, 120 mm. of mer- 
cury; diastolic, 70 to 90 mm. of mercury. | 


THE ARTERIES 


The arteries are elastic tubes that carry blood from the heart to the body. They 
have an inner lining of silky white tissue, a middle muscle layer and an outer layer 
of elastic tissue. Arteries have their own nerve supply, so they can vary their di- 
ameter during contraction or relaxation. The smaller arteries are called arterioles. 


THE CAPILLARIES 


The capillaries are tiny vessels at the end of the arteries, which feed the blood 
back into the veins, They have very thin walls and communicate with each other and 
form a dense interlacing network inall parts of the body. As the blood passes through 
the capillaries, it takes up the various waste products that are to be carried away in 
the veins and gives oxygen and food in exchange to the tissues. This change takes 
place through the very thin walls of the capillaries. 


THE VEINS 


Veins are hollow elastic tubes that carry the blood back to the heart. They are 
like the arteries but have thinner walls and not as much muscle tissue, They have 
valves which prevent the backflow of blood. The smaller veins are known as venules. 
These venules are formed from capillaries which have joined together to from a tiny 
stream, 
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THE PATH OF CIRCULATION 


Where does the blood flow in your body? Let's begin with the venous blood as 
it enters the heart. The right side of the heart is the venous blood side. The ven- 
ous blood returns from the body and enters the right atrium which is the receiving 
chamber. It passes through the tricuspid valve into the right ventricle. As the right 
ventricle contracts the blood is forced through the pulmonary valve into the pulmo- 
nary arteries. These arteries carry the blood to the lungs where the waste is ex- 
changed for new oxygen. The pulmonary artery branches off into an artery for each 
lung. Astheblood passes around the lung it returns to the left side of the heart through 
four pulmonary veins which empty into the left atrium. This circulation is known as 
pulmonary circulation. The blood is dark when it enters the right side of the heart 
and bright red from new oxygen as it leaves the left side. This circulation through 
the lungs takes only about ten seconds. 


After the blood is in theleft atrium it enters through the bicuspid valve into the 
left ventricle, Whenthe left ventricle contracts bloodis forced out inthe aorta through 
the aortic valve. The blood then goes to all the various arteries, arterioles, capil- 
laries, venules and veins. Finally it enters the large veins that empty into the right 
side of the heart again. From the lower part of the body the venous blood enters the 
heart from the inferior vena cava, From the upper extremities, head and neck, it 
enters through the superior vena cava (Figure 4-35). 


It takes under thirty seconds for blood leaving the heart to return after making 
a complete circuit of the body. In twenty-four hours your heart will receive and pump 
out 10,000 quarts of blood. 


THE BLOOD VESSELS 


The system of arteries and arteriolesis similar to that of a tree, with the aorta 
as a trunk, the arteries as large branches, and arterioles as small twigs. The blood 
circulates from the aorta to thearteries and then the small arterioles. In somecases 
the small arterioles unite in what is known as an anastomosis. Place your hands to- 
gether so that your fingers slip in between each other and you can illustrate anasto- 
mosis. 


The aorta is the large tubelike structure which arises from the left ventricle of 
the heart and arches upward around the left lung and then down and backwards along 
the front of the spinal column through the diaphragm. Along the way it gives off ar- 
teries to the head, neck, arms, chest, and abdomen, before finally dividing to send 
arteries down both lower extremities. 


The aorta also sends small branches, called coronary arteries, to the right 
and left side of the heart, to nourish the heart muscles. 


You should become familiar with the more important vessels. Three large 
arteries arise from the top of the aorta as it arches over the left lung. The first of 
these branches is the innominate artery, which divides into the right subclavian ar- 
tery, to supply the right arm with blood, and the right common carotid, to supply the 
right side of the head (Figure 4-36). 
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The next branch is the left common carotid, which supplies the left side of the 
head, The third branch from the arch of the aorta is the left subclavian artery which 
supplies the blood to the left arm. 


As the carotid arteries run up the head they divide so that they have an internal 
and anexternal branch. The internal carotid supplies the brain and eye. The exter- 
nal carotid supplies the muscles and skin of the face. 


The subclavian arteries are sonamed because they lie under the clavicle. They 
supply the upper extremity and give off branches to the back, chest, neck and even 
the brain via the spinal column. 


The larger artery going to the arm is called the BRACHIAL ARTERY. This 
eventually divides into the ULNAR AND RADIAL ARTERIES, 


The aorta as it passes through the chest is called the thoracic aorta and gives 
off branches that supply the lungs and chest wall. As it passes through the diaphragm 
into the abdomen it becomes the abdominal aorta. This supplies the stomach, in- 
testines, liver, spleen, kidneys, etc. In the pelvis region the abdominal aorta divides 
into the right and left common iliac arteries which send large branches down to the 
extremities. When it reaches the thigh it becomes the femoral artery. Lower down 
it becomes the popliteal artery. Just below the knee it divides into the anterior tibial 
artery and the posterior tibial artery. The posterior tibial artery divides again into 
the peroneal artery. The anterior tibial artery extends itself into the dorsalis pedis 
artery of the foot. Now that we have followed the main branches of the aorta to the 
foot we have to find the veins which return the blood to the heart. 


There are three main sets of veins. These sets are the pulmonary veins in the 
lungs, the systemic veins which include all the veins except those coming from the 
digestive system, and the portal veins which return blood from the intestines, spleen 
and liver. 


The pulmonary veins are four in number and return the blood from the lungs 
to the left atrium of the heart. They are the ONLY VEINS in the body that carry 
freshly oxygenated blood. 


The systemic veins are divided into deep and superficial. The deep veins are 
usually located in the muscle or internal organs; the superficial veins lie just under 
the skin (Figure 4-37). | 


The large superficial veins of the head are called the external jugular veins. 
They drain blood from the scalp, face, and neck and finally empty into the subclavian 
veins.. 


The veins which drain the brain itself and internal facial structures are called 
internal jugular veins. These, too, combine and finally empty into the innominate 
vein and superior vena cava. 


The superficial veins of the upper extremity begin at the head and extend up- 
ward. There is one set of veins with which you should be familiar called median ce- 
phalic or median basilic veins that cross the elbow. These are the veins that you 
have to use to inject material into the arm. 
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In the lower extremity there is a superficial vein called the saphenous, which 
starts on the inner side of the foot and runs up the inside of the leg and thigh to join 
the femoral vein in the groin. This vein is sometimes used at the ankle for intra- 
venous injections. The femoral vein is the large deep vein of the thigh. 


The portal system of veins is that which drains the blood from the stomach, 
liver, intestines, spleen, pancreas, gallbladder, etc. It empties into the inferior 
vena cava. 


RESPIRATORY SYSTEM 


Respiration, or breathing, is taking air into the lungs to obtain oxygen in ex- 
change for carbon dioxide, which is exhaled. In man the respiratory organs are the 
nose, the mouth, the pharynx, the larynx, the trachea, the bronchi, and the lungs. 
Accessory organs that make breathing possible are the thorax, the ribs and the dia- 


phragm. 


Air enters the nose and nasal chambers, where it is filtered by little hairs 
or CILIA. These take out dust particles that would irritate the lungs. The chambers 
of the nose also warm and moisten the inspired air. The air then passes through the 
back part of the mouth, where it is moistened even more, 


THE PHARYNX 


The pharynx is the passageway between the nasal chambers, the mouth and the 
larynx. 


THE LARYNX 


The larynx, or voice box, is just below the pharynx, and helps to form your 
“Adam's apple". It is pulled upward against the base of the tongue and closed when 
you swallow, to keep food from entering the lungs. All air must pass through the 
larynx to the lungs, and air passing from the lungs to the larynx makes sound, which 
we call speech or singing. 


THE TRACHEA 

The trachea, or windpipe, is a tube formed of ribbed cartilage with fifteen or 
twenty C-shaped rings. It is lined with cilia and mucous glands to filter out dust and 
dirt. It extends from the larynx down to about the second rib ant ee ePere where it di- 
vides into the two bronchi. 
THE BRONCHI 


The bronchi are branches from the trachea like the main large branches from 
the trunk of the tree. These bronchi break out into smaller twigs known as BRON- 


480 





CHIOLES, At the ‘end of these hrowctisiey are ‘latte: air, gace that could represent the 
‘leaves of: the tree, The air eace. pare balled: ESE VEE: “thease. little s sacs. e: a 
, the foie and Sarbor dioxide. | ie NS eed iS nah Si tse ok ee ee 





i noha = tt 


Fiseige ane 


~ 


ay a le 


ae Me™ 
Ph ay hy 





THE LUNGS. : foto 





| The tas, are Like: pee enue sace which ate aivided dea lobes. Fach: aac Dos 
sion ‘tipusaods of ier Steele, with, blood. peeteriee iiiee t their membranes. - Late: sa 


. Othe ‘gight Hiag er THREE qs Theys are ‘the: superiors. | middle: ae sehetten 
Yeas: Tris also sharter. than: the left lung) because of the liver, The. lett: tung has 
paly TWO lobes; They are the superior aud: inferior: lobes. ‘The medial portion af 
the: deft lung is indented. due to the. pasition ofthe heart, ach Tong has. an apex at the | 


, roy. and. a. thase. at BRR Betton. The size ‘of Etonks. Anpends a on a he nad type id fhe indi 


A 


” 
“4 oa T3 ee Pow rer, y 5 a il rhea 
4 “ir Be be eye os ; ¢ a ute >. yt 
j :. + 
“, sre 
. 
* 
’ ' 
a 
¢ . 
‘ . 


4-51 


vidual. A short, heavy man will have a short lung field. Along, slender man will 
have a long lung field. You will find out more about the body types later on. 


Each lung is encased in a serous membrane called the PLEURA. This lining 
is smooth and has a small amount of fluid in it to prevent the lungs from rubbing a- 
gainst the chest wall. When this lining becomes infected you have a condition known 
as pleurisy. It is quite painful and breathing is difficult. 


THE PROCESS OF RESPIRATION 


The movements of breathing are controlled by the respiratory center in the 
brain. Nerves pass down from the brain through the neck to the chest wall and the 
diaphragm. The respiratory center is stimulated by chemical changes in the blood. 
The muscles of the system normally act automatically, but as you know, they can be 


controlled voluntarily to some extent. The respiratory cycle is the inspiration and 
expiration of air. 


The normal respiration is fourteen to eighteen cycles per minute. In the act of 
inspiration the diaphragm contracts, the ribs are elevated, and a negative pressure 
is produced in the lungs. This draws air into the lungs to equalize the outside pres- 
sure. In expiration the diaphragm relaxes and the elasticity of the lungs plus the 
weight and elasticity of the chest walls, forces the air from the lungs. 


The lungs, when filled to their capacity, will hold about 4,500 cc. of air. How- 
ever, only about 500 cc. is breathed out in a normal quiet expiration. Under normal 
conditions there is a reserve supply of 2,600 cc. of air in the lungs at all times. 


THE DIGESTIVE SYSTEM 


The digestive system is the alimentary canal. It begins at the lips and ends at 
the anus. The accessory organs of the system are the salivary glands, liver, pan- 
creas and gallbladder. The digestive system carries food so that digestion and ab- 
sorption can occur, and it eliminates waste material. The secretions of the acces- 
sory organs help prepare the food for absorption and use by the tissues of the body. 
The alimentary canal is about twenty-eight feet long (Figure 4-39). 


THE MOUTH 


In the mouth the food is broken into small pieces by the teeth. It is mixed with 
saliva from the salivary glands as the beginning of the digestive action. This saliva 


moistens the food, making it easier to chew and aiding the act of swallowing by lubri- 
cating the food mass. 


THE PHARYNX 


The pharynx is a passageway for both the food and air. 
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THE ESOPHAGUS 


The esophagus is a long muscular tube about ten inches in length. It lies in the 
center of the body in front of the aorta but behind the heart. By means of muscular 
contractions, known as peristalsis, food is pushed into the stomach. When food is 
pushed back up the esophagus it is called vomiting. 


THE STOMACH 


The stomach is a large muscular bag located in the upper middle and left sec- 
tions of the abdomen, The esophagus enters the stomach near the top. Between the 
esophagus and the stomach is the cardiac orifice. Above this orifice is a part of the 
stomach called the fundus, The fundus is the round upper part of the stomach. The 
area between the fundus to the pyloric portion is the body of the stomach. The lower 
portion, as it goes into the intestines, is called the pyloric region. The pyloric ori- 
fice divides the stomach from the first part of the small intestine. Both the cardiac 
and the pylorus orifices are guarded by a sphincter type of muscle, This muscle 
could be compared to your fingers squeesed around the neck of a cloth bag. 


The stomach is almost always curved upon itself. A line that is followed from 
the cardiac. orifice on the top of the stomach to the pyloric region is the lesser curva- 
ture. The line running on the outside of the bottom of the stomach is the greater cur- 
vature of the stomach. 


The stomach holds the food while it churns the food and breaks it down into a 
semi-liquid state with its digestive juices. Every now and then it allows some of this 
to pass through the pyloric sphincter into the first part of the small intestine. After 
the first hour a meal is half gone from the stomach. At the end of the sixth hour the 
stomach is empty of a meal. Generally, the time required will depend upon the type 
of meal taken, whether liquid or solid. 


THE SMALL INTESTINE 


From the stomach the food reaches the small intestine. The intestine is made 
up of three sections, the duodenum, the jejunum and the ileum. It is about twenty- 
three feet long. 


The duodenum is the first part of the small intestine. It is about ten inches 
long and is formed like a ''C"” under the liver and over the head of the pancreas. The 
pancreas, liver and gallbladder have ducts into this part of the small intestine. The 
secretions from these organs help to further the digestion of the food. It ends about 
the level of the second lumbar vertebra. 


The jejunum is the second portion of the small intestine. It is about seven and 
one-half feet long. 


The ileum is the last section of the small intestine and is the longest section. 
It is formed‘in numerous coils and connects to the large intestine at a right angle. 
Between the ileum and the large intestine is the ileocecal valve. This valve keeps 
the waste products of digestionin the first section of the large intestine so that it can- 
not back up in the ileum. 
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The ascending colon is on the right side of the body. This is the portion of the ali- 
mentary canal where most of the water needed by the body is absorbed. The ascend- 
ing colon comes to a corner called the hepatic flexure because it is directly under 
the liver. Here it becomes the transverse colon and cuts across the body to the left 
where itagain makes a sharp downward turn. This turn is called the spleenic flexure 
because it lies under the spleen. This downward section is called the descending 
colon. When it reaches the bottom of the descending colon it enters a section called 
the sigmoid or S-shaped colon. From the sigmoid colon the material passes into the 
rectum where it is held until impulses are felt which cause it to be expelled through 
the anus. 


ACCESSORY DIGESTIVE ORGANS 


THE LIVER, The liver is the largest gland in the body. It is located in the 
upper right side, just below the diaphragm and right lung and above the duodenum and 
the lower end of the stomach. It performs many different functions besides aiding in 
producing digestive secretions. 


THE GALLBLADDER, The gallbladderis adark green sac, shaped like a small 
blackjack and located under the liver. Its duct, the CYSTIC DUCT, joins the duct 
from the liver, the HEPATIC DUCT, toform the COMMON BILE DUCT which empties 
into the duodenum. The main function of the gallbladder is to store bile. 


THE PANCREAS, The pancreas isa long, pistol-shaped gland lying behind 
the stomach. It empties into the duodenum and has digestive juices that act on all 
types of food. 


Twenty-four hours after a meal is eaten the undigested portion should be in the 
rectum. A part of it may be expelled at one time and the rest at another. There is 
little absorption of food in the stomach, but absorption of water does occur. 


THE ABDOMINAL CAVITY 


The stomach and intestines are enclosed in the space between the diaphragm 
and the pelvis, called the abdominal cavity. This cavity is lined with a serous mem- 
brane, the peritoneum. The peritoneum covers the intestines and organs and by se- 
creting a serous fluid prevents friction between the organs that are side by side. 
Layers of the peritoneum that extend from the body wall to an organ and suspend it 
are called mesentery. The mesentery carries blood vessels to the different organs. 
Folds of peritoneum lie in front of the abdomen connecting the stomach, liver, and 
parts of the intestines. These are called OMENTA. 


THE URINARY SYSTEM 


THE KIDNEYS 


The kidneys are two large, bean-shaped organs designed to filter waste ma- 
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terials from the blood. They are located in the upper part of the abdominal cavity, 
but are OUTSIDE OF the peritoneal sac. There is one on each side of the vertebral 
column. The upper end of each kidney reaches above the level of the twelfth rib. 
They occupy a space from the twelfth thoracic to the third lumbar, generally. They 
measure about 4-1/2 by 1-1/2 inches. 


The kidney has an upper layer of pale tissue called the cortex and a darker lay-. 
er known as the medulla. The medulla appears as triangular areas below the cortex. 
These areas are called the medullary pyramids. Within the cortex and medulla are 
great numbers of filtering units called nephrons. These numerous individual tubular 
units filter the blood, saving products still needed and disposing of waste products. 
The filtered wastes pass from the nephron units to the KIDNEY PELVIS. This re- 
nal pelvis is the dilated part of the ureters that are attached to the hollow side of the 
kidney (Figure 4-40). 


THE URETERS 


There are two ureters, one from each kidney. They are membranous tubes 
about fifteen to eighteeninches long. Passing from the kidneys they go down the back 
of the abdominal cavity to the urinary bladder. 


THE BLADDER 


The urinary bladder is musculomembranous sac that is found in the lower part 
of the pelvis just above the symphysis pubis. It acts as a reservoir for the urine. 


HOW THE KIDNEYS WORK 


The kidneys are effective blood filters. They filter waste materials from the 
blood and excrete them in a watery solution known as urine. They also play an im- 
portant role in keeping the reaction of the blood normal, making sure that it does not 
get too acid or too alkaline, Thenormal blood reaction is slightly alkaline. They do 
this by excreting enough substances from the blood to maintain this alkalinity. For 
example, if the blood becomes too acid they will excrete acid in the form of salts; 
on the other hand, if too alkaline they will excrete alkaline salts. 


The kidneys also remove excess sugar present in the blood, but the main job of 
the kidneys is to excrete nitrogenous waste products which are produced in the break- 
down of proteins. | 


Besides filtration, the second important function of the kidneys is reabsorption 
of water, salts, sugar, and protein elements of the blood. This selective reabsorp- 
tion keeps the bloodat anacid-base balance and alsoa constant concentration of water, 
salts and proteins. This delicate balance is essential for normal life. Controlled 
reabsorption accounts for the amount of urine whichis finally passed from the kidneys, 
for the nephron filters gallons of blood each day. It is estimated that 10,000 quarts 
of blood pass through the kidneys in twenty-four hours and about eighty gallons of 
urineis formed, but all of the water from this urineis reabsorbed in the kidney tubules 
except that containing concentrated waste products. The amount of urine excreted 
by a normal adultisfrom 1,000 to 1,500 cc. per day. Youwillbe requiredto examine 
the urinary system quite frequently. 
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functions which you can learn through further study. The cerebrum is divided into 
lobes. These lobes are usually named for the bone of the skull that they are adjacent 

to, such as the temporal lobe, frontal lobe, etc. You can compare the brain to a po- 

tato sack that is almost filled with potatoes. It is bumpy with many grooves and fis- 

sures. If you pick the sack up from the bottom it will curl so that it leaves a sort of 
hollow spot underneath. There is a deep groove through the center of the brain which 
divides it into two hemispheres. Filling the underside of the hollow is a wide, trans- 
verse band of white tissue called the corpus callosum. Lying under the corpus callo- 
sum you will notice a series of cavities that are filled withcerebrospinal fluid. These 
are called the ventricles of the brain. 


THE VENTRICLES 


There are four ventricles in the brain. Two of them are lateral ventricles. 
The uppermost parts of the lateral ventricles are found about three inches above the ex- 
ternal acoustic meatus. They have an anterior and posterior horn and resemble a 
wishbone of a chicken placed vertically. The anterior horn reaches forward approxi- 
mately to the coronal suture. The posterior horn is variable. 


The third ventricle is beneath and slightly behind the lateral ventricles. It is 
connected to the lateral ventricles through two tiny foramina called Foramina of 
Monro. It is crescent-shaped and also holds fluid. 


The fourth ventricle is below and posterior to the third. It has a triangular 
shape with the apex connected to the third ventricle. The communication between the 
third and fourth ventricle is through a small canal known asa the Aqueduct of Sylvius. 
On the top of the fourth ventricle are three tiny openings which allow the cerebrospinal 
fluid to flowinto the subarachnoid space. (The subarachnoid spaceis aspace between 
the tissues which coat the brain and spinal cord). The fluid bathes the spinal cord 
and brain. 
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Figure 4-41 Central Nervous System 


4-58 


Asan X-ray technician you will be demonstrating these ventricles in the various 
diseases of the brain. Some of the fluid is drained by spinal puncture and replaced 
with air which will show up dark on an X-ray film. Any displacement or eaten away 
appearance of these ventricles may indicate some type of pathology. 


THE MIDBRAIN. The midbrainis found just behind the ventricles and connects 
the pons and the cerebellum to the cerebrum. 


THE CEREBELLUM. The cerebellum is the center for muscular coordination. 
It lies behind the midbrain and below the cerebrum in the backlower part of the skull. 


THE PONS, The pons is a little nut-like structure below the ventricles and in 
front of the cerebellum. It acts as a point of union for the cerebellum, cerebrum and 
medulla oblongata. 


THE MEDULLA OBLONGATA, The medulla oblongata is situated down from 
the pons and at the lower anterior portion of the cerebellum, It spreads out at the 
upper end into a pyramid shape. The top of the spinal cord passes down through the 
foramen magnum of the occipital bone to connect with the cord. It is the source of 
control for the heart and breathing apparatus of the body. 


THE MENINGES, The brain and spinal cord are coated with three membranes. 
On top is the dura mater, the middle layeris the arachnoid mater, and the innermost 
layer is the pia mater. 


THE SUBARACHNOID SPACE. The subarachnoid space is between the arach- 
noid and pia mater. 


THE SPINAL CORD. The spinal cord is found in the vertebral column. It is 
about eighteen inches long. The spinal cord becomes smaller as it comes down the 
vertebral column but does enlarge in two places - in the cervical region and the lum- 
bar region. In these regions the cord sends nerves out to upper and lower extremities. 
The cord ends about the second lumbar vertebra in the CAUDA EQUINA or horse's 
tail that you have read about before. 


REPRODUCTIVE ORGANS 


THE MALE REPRODUCTIVE ORGANS 


The essential male organs of reproduction are the penis and testes (testicles). 
The testes are held in a sac of skin called the scrotum. The male or sperm cells 
are formed by the testes. They pass into coiled tubular structures called the epidi- 
dymis, where they are stored. They next travel through long narrow tubes, the ducti 
deferentia (vas deferens), to short ejaculatory ducts which end in the urethra. 


THE TESTES, The testes are oval glands suspended in a sac of skin, the scro~ 
tum, by the spermatic cord. The epididymis is a division of the testes just outside 
of the gland that stores the sperm cell and eventually transmits them to the ductus 
deferens (Figure 4-42). 
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four inches in length. It leads up to the mouth and neck of the uterus. This part of 
the uterus is known as the cervix of the uterus. The uterus is a pear-shaped mus- 
cular organ. From the upper corners of the uterus, small tubes extend sideways to- 
ward the ovaries. These are the fallopian tubes or oviducts. The ovaries are glands 
about the size and shape of almonds. 


THE EXTERNAL GENITALS. These include the labia majora, which are the 
folds of skin extending from beneath the mons pubis in front to near the anus. Within 
these two folds are the labia minor, or minor lips. The clitoris is a small body of 
erectile tissue and is located at the top where the two labia minora meet. The vesti- 
bule is the space between the labia minora into which the urethral and vaginal orifices 
open, the hymen is a fold of mucous membrane which sometimes is present across 
the lower part of the vaginal opening. The mons pubis is the fat pad located in front 
of the symphysis pubis. It is composed of fatty tissue and covered with skin and hair. 


THE VAGINA, The vagina is the muscular canal lined with mucous membrane 
which extends from the cervix or neck of the uterus to the external genitals. The 
posterior wall is about four inches long and the anterior wall is about three inches 
long. Its lining membrane is greatly folded and is continuous with the inner lining of 
the cervix. The vagina is capable of stretching widely to serve as a birthcanal during 
the delivery of a baby. 


THE UTERUS, This is a hollow, pear-shaped smooth muscle organ lined with 
a special type of cell. Normally, it is about three inches long by three inches wide 
at its upper widest part. There are two openings in its top corners for the fallopian 
tubes. It has a tube-like canal in the lower portion called the cervix that opens in 
the vagina. 


THE FALLOPIAN TUBES. These are two musculomembranous tubes which 
have free openings in the lower abdominal cavity near the ovaries and terminate by 
opening into the uterus. Their free ends are shaped like a funnel, surrounded by 
fingerlike processes designed to help the ovum or egg, when it is released by the 
ovaries, to find its way into the tube and down to the uterus. 


THE OVARIES. The ovaries are two almond-shaped glands suspended by liga- 
ments in the lower abdominal cavity, one on either side of the uterus. Their prime 
function is to produce the ova and female hormones that are necessary for maintaining 
the menstrual cycle. There is a menstrual discharge of blood and other substances 
from the unfertilized uterus every twenty-eight days in most women. 


As an X-ray technician you may find that you will be doing more examinations 
of the female reproductive organs than those of the male. However, they are not fre- 
quent, 


ENDOCRINE SYSTEM 


The endocrine systemis made up of glands of internal secretion, called ductless 
glands because they have no ducts to carry away their secretion. The secretion of 
these glands are called hormones. Some of them influence the body as a whole. The 
hormone-producing glands are the THYROID, PARATHYROID, ADRENALS, PITU- 
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ITARY, GONADS (male testis; female ovary), PANCREAS, PINEAL BODY AND THY- 
MUS. 


THE THYROID. The thyroid gland sits like a butterfly in the front part of the 
neck just below the "Adam's apple". It has two lobes connected in the middle by a 
strip of tissue called the isthmus. The hormone secreted by the thyroid is thyroxin. 
This hormone regulates the metabolism of the body. (Metabolism is the amount of 
"burning" of the body, or the rate of "living" being done by body tissues). You will 
see frequent cases that involve the thyroid gland. 


THE PARATHYROID. Parathyroid glandsare four innumber,. Theyare small, 
round and located beneaththe thyroid gland. They regulate the amount of calcium and 
phosphorus in the blood. 


THE ADRENAL GLANDS, The adrenal glands are sometimes referred to as 
suprarenal glands, since they sit like small cocked hats on the top of each kidney. 
They consist of an inner portion called the medulla and an outer portion called the 
cortex, They produce adrenalin. This is the hormone which gives the body that ex- 
tra push in fear or anger, sometimes called the "fight-or-flight" hormone. 


THE PITUITARY GLAND. The pituitary is a small pea-sized gland located at 
the base of the brain. It sits in the sella turcica of the sphenoid bone. It controls 
all the other endocrine glands in the body. It has two lobes; the anterior and poste- 
rior. The anterior lobe is the leader with many different functions attributed to it. 


THE GONADS. These are the sex glands. The ovary in the female and the 
testes in the male produce hormones which give us the sexual characteristics of pu- 
bic hair, beards on men, and breasts on women. 


THE PANCREAS, This gland gives off the insulin that you have heard somuch 
about for treatment of sugar diabetes. Insulin is essential for the storage and use of 
carbohydrates by the body. 


THE PINEAL GLAND. This is a small gland located near the roof of the brain 
at the back of the corpus callosum. It is thought that this gland exerts influence on 
the rate of growth of the body and the onset of puberty. The pineal bodyis sometimes 
found to be calcified in the adult. It can be seen right in the middle of the head, and 
if it is shifted in position, can indicate the presence of a growth in the brain. 


THE THYMUS, The thymus is an organ located in front of the trachea, partly 
in the neck and partly in the upper part of the thorax, Itis large in infancy and shrinks 
as the individual matures. Little is known about this gland. 


SUMMARY 


You have now covered the anatomy of the human body. It is not as complete as 
the doctor must know it and some of the knowledge will be infrequently used, but you 
have a fundamental jumping-off place for more learning as you progress. You should 
know the bones of the body very thoroughly. You,should have some knowledge of how 
your heart works, how you breathe and what your urinary, digestive, nervous, re- 
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production and endocrine systems are. You have just started to learn anatomy. In 
the chapters that follow you will find out about the different types of body-~-build and 
something about the difference in sex characteristics that will affect your X-ray films. 
It is a most important subject to the X-ray technician and one which will make him 
stand out among others if he learns it well. He will have no fear of locating any 
structure he is asked to examine, 


Ahead of you is the means of actually taking the X-ray film. It is a study of 
the techniques required to demonstrate this type of anatomy. It is called radiographic 
technique. In it youwill learn what the four prime factors are, what exposure mathe- 
matics are used, some of the auxillary equipment you will encounter and how to de- 
velop and use technique charts. The material you will learn in the next chapter will 
take time to develop but if you will try with everything you have you will become ex- 
cellent at using radiographic technique. 


WORK PROBLEMS 


1. Take a series of X-ray films of the various parts of the body and identify as 
many structures as you can in each film. Number these structures with a wax 
pencil by using the text. Then close the text and see how many you can identify. 


2. Use a buddy and try to find the structure of the radiograph on his body. Review 
the text and try to identify the structures in the illustrations after blocking out 
the identification. 


3. Write each bone of the body down on a sheet of paper. Under each bone heading 
write the structures that you can remember. Turn to your text and see how 
many of them you left out. 


4. Go to the hospital library and find some anatomy books. Brouse through them to 
see how the various books picture the structures. 





"RADIOGRAPHIC TECHNIQUES” 


You should be well acquainted by this time with the X-ray machine, the pro- — 
perties of X-ray and how to protect yourself from it, You are also aware of the hu~ - 
man body and ite structures, In this chapter you are actually going to learn how to” 
use the X-ray beam. You will learn about the auxillary equipment you will need, the 


= - geometric patterns of X-ray, and how to determine the amount. of X-ray you need to 


- get an X-ray film, This chapter will not he difficult if you read it carefully, “More 
than likely you have already had the experience of taking a photograph, You will be 
_isarning how to take something Wike a photograph with X-ray, You will select your. 
- (camera, lens, exposure factors, | ‘filters and other, ‘equipment necessary ta get your 
picture, A comparison of ‘photography and X-ray is simple, You use light to‘expose. 
your photographic film, In X-ray you will use the Mr ray bearn. In photography, you. 
Mee @ Camera; in. X-ray you will use an X-ray tube, - So as you. see. you have a Very.) es 
common ground on which to begin yoor study of radiographic technique. “There we 
be: a few additions that are exclusive to Pevay, but. the: similarities are many, — ae 


Er owe To bagi your wesc on radiographic technique you will be gives: the. ‘enaential 5 z 
background necessary for you to understand and apply radiographic eppenigue:y in yale : 
MoE Lane first Sas: Rpats is ta understand the. ae seve youae yee b t 


FACTORS ee veeuerees 


The. fsar geicne: factors ih: ‘Keay are kilovoltage paxk (KVP), milliamperage ey 
(MA), time (T),. and distance (D). (Figure 5+1), You can control these factors me+ 
chanically from the control panel and tube. column, A combination of these four face 
torsare necessary in ANY X-ray. you will ever tales: The proper use of theee factors. 
determines the quality of your radiograph, tk roust be kept in mind that you are not 
taking a photograph" of the body stractures, but a “ghadow-graph't of the. parts, All 
the X-raye do not page through a part. Some are stopped by the bous, etc. you. 
Bete: your band in front of a light you. ete only the shadow. outlined, The: same cia canted vee 

ERE: You really | Bee ae the shadow af the bone ‘oF y tseue. SUE ae a ee 2 
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BS e KVP is ie: dactax idk dckecriines the QUALITY of the Koray bear (Figure 
Ae 2). ‘In your firet chapter: you found cbt that the ‘K-ray beam has many different | 
wave. lengths; Sorne ofthe wave. lengths are short, ‘Boome are. medium and others. are. s 
long. Thie type: of beam, with all the different wave lengths; is knownas a HETERO- 
“GENEOUS beam. If it were possible to getan pcre | beam with only one size of wave 
jee at would be a HOMOGENEOUS: Rene aS oS 





Figure. ae + Four Prime Factors Figure: 5- 2 KVP Determines Quality 


OS ¥eu will alee pemebee. that the: shorter thé X-ray wave tengeh: “the Stakes: 
THE PENETRATION OF THE OBJECT, In radiation work you have to penetrate the 


7 parts’ of the body. with R-vays. % K-ray penetration ig controlled with the KVP, The . 
higher your KVP ie, the more short wave lengths you will have in Your X-ray beam, ~ 


It is the number of short, ‘penetrating Wave A eegine te ina x beams of ACERY that doterraines: ag 
the. quality < of that beam, ; | 7 | | est 


: The aize of the structure and the composition of the tissue that makes up that _ 
structure determines how high a KVP you will use, You will not need ae much ‘pene a 
tration for the thin hand as Bigs ee peed for the pelvis region, ee ; 


MILLIAMPERAGE AND TIME (Mas). 


| _ Milliamperage is combined with time and givees you | &: epasiic eeiouet oe ae 2 
(Figure 5-3). MAS is the quantity of X-ray or milliampeérage times seconds, “You 
can think of it as the Light. that exposes your X-ray film, © Let's try to iSlastente this = 
When you turn on your X-ray machine and set it at a certain MA, say 100 MA, you 
can picture in your mind that there are 100 little electrons flying off the filament every BS 
- gecond, The time is. actually” the time that the KVP is shoving these electrons over - 
to the target. Without the KVP the electrons will just hover around the filament. So = 


es 3 youapply KVP to the filament for a period of one second “you will shove off. iad elec- — 


trons. If you apply the KVP for a period. of two seconds, you will, in that time, shove — 

off 200 electrons, 100 for each second of time, Now, however, it you only apply your 

yy for elle second you wut (era send 30 ot) the 100 electrons across to. the year eRe 
pen : tes ae a 
100 MA x 2 seconds = 200 MAS 


100 MA‘x 1/2 second = 50MAS 


Now imagine that each of these. digetedce ch as oe strike the target of the Soray e 


tube, is made into. one X-ray. Thie will ist you see that. 100 MA times I second will - | : 3 
produce 100 X-rays, 200 MA times’ 2. seconds will. produce 400 X-rays and 25 MA 


tirmmes 1/2 second will ‘prednce: 42, By . tnteten ey sree MA and A time ees control 
the spe Ne ae See ah cy : 
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Figure 5-3 MA and Time ea china . 
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Dkataace: is oie: ‘apace atone the: target or facal epot of the. tube and the: fm 
onder. the part, In X-ray yous will tefer toit as’ ‘the FOCAL-FILM DISTANCE (FFD). 
This: very important in the pradection: De: an, X-ray film, It will determine how: sharp 


your image on the film is, how dark your film becomes, and how much pash or KVP ~ | 


Find ‘aeaded to rere: the: Serer: to the abe hunter on Riad will Jearn more about the 2 effect 


| Tae INVERSE | SQUARE LAW. 18 is (nak. a that | you must bisuice aware 
of the prime: Jaw in the ase of. X-ray Fadiation. ‘This law is known ae ‘the Inverse 
Square. Law. ‘Thie is of great importance. in. selecting the combination. of KVP, MA, © 
_ ¥;, and.D, Read this carefally and voll thie information around in your mind until 
you grasp the soncept and: van. understand: completely, De not. go on until ya KNOW 
; this law. aR 


The iene ue Square Law states that: the INTENSITY OF THE X-RAY. BEAM 1S. 


INVERSELY PROPORTIONAL TO THE SRSA OF THE DISTANCE (Pigere’ 5- fe 


ek fatengity:- Intensity} in : the. lew, refers ta the Varnountt of X-ray reaching acer 


tain area. - tt is like the: intensity oe the heat of the Bun. In the summer it is: ‘very: hot = 


* and in the ‘winter it as colder, TE you have. a bare light bulb handy, place your hand © ae 


7 close to. ite Now. move your, ‘aod. farther: Bway. 26 a yea fend. the difference: in, ‘the. “fs 
es arenas. of the heat | 08 age band. Ree ms 


‘Proportion. | Proportions: tetaee to the a tenupaiiaca iad. the eeviiouns of eo weno: Ree 
. ts you have a ball one inch in diameter and anether ene three inches in- diameter, the 
| larger ball will be three timesax large ae the. smaller one. Take a nickel anda fifty” S os 
cent piece and places them. eine aM side. Yous ean nee e that there are more fear aes Sed 
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so to speak; ‘te the ‘fifty cent. piece. Now if it took three’ nickels to make the same. 
sive as the fifty cent piece you would have a proportion of 3:1 (3to 1), Take thie con- — 
cept now of proportion to. the term 'direct!* proportion, This termis necessary to - 
| epable you to ays Haderstand Le Nen ey, Ee nbartionah,. | SHALE S 


oo INVERSE SQUARE LAW 





“Figure 5-4 Inverse Saure Law 
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= portion. For instance, if you double the size of a fifty cent piece sa it would become. 
the gize ‘ef a gilver. dollar, your nickel-would double its size to that of a quarter xight 
ss along with the fifty cent piece. ‘Using the ball illustration again,if the small baliiain- 
Le - greased. to a diameter of two inches, the larger. bali would increase ite diameter to\. 


eae inches. As you see there is still the proportion of 3:1. You can divide twoinches . 


oe inte six inches: and find out that there are three tengthe’ of two inches in every six. | 


. Draw @ line on a piece of paper six inches long. Then take the ruler and mark off 
every. twainches. You will see that there are three sections in that six-inch’ line... 
Now right below the six-inch line draw a line two. inches long. - Compare the two and. 
“you will. see that the ‘top line ig three times ag long as the hattom. Tf you. doubled | i 
each line you. spill find aut that the top line would ALWAYS be three times an jong aa - 
the ‘bottom line. Direct proportion meana, then, that if, one thing Ag. increased : an aie. eS 
the: other ‘thing increaaes rORee CMa a 2 : > Segui ere aS 


eee Bray ittonae. With Moverke: prdpostionat: you have the gupouite éthect: xe 
“Whea one thing is increased, the other. thing: being compared to it ia decreased.. Tf 
a ball with the diarmieter. ‘of three inthes were enlarged to 4 diameter of six inches, a Ave 
two-inch diameter ball wauld decrease te oue-half- ats. original diameter to one inch. 
While one ball doubled in size. the other ball was reduced to une-half ite original Bize, - 
When you ‘dauble something: you multiply ie by two, “Whee you. cut: something in halt 
you divide by two. Se, inan inverse: ‘propottion, you are multiplying one article by. 
a certain number and dividing the other article by the same number, Use your toler ff 
again aod. draw a line three inches Jeng and beneath this line. draw ae that igone. tnéh®* 
long. Now if you doable the top line ao it méasurén six inchea you will have to. divide ¥ 
the one-inch Hae mm Balt. ae beac rate: you 3 a ‘Mbp six p toches ack and one That. is one : 
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half inch long. This is what happens when you havean inverse proportion. You have 
used the number two on both of the articles. Instead of both doubling their size as in 
a direct proportion, one is doubled and the other is halved. 


Square of the Distance. "The square of the distance’ means the number of 
inches between target and film multiplied by itself. If the distance is thirty inches 
then the square of 30 x 30 equals 900. The ''square of the distance" is 900. 


Now let's put all of this together again. "The intensity of the X-ray beam is 
inversely proportional to the square of the distance."' The amount of X-ray striking 
a certain area will be increased if the distance is decreased. The amount of X-ray 
striking a certain area will be decreased if the distance is increased. Now remem- 
ber that this is the SQUARE of the distance, so if you double the distance of your tube 
you will be DECREASING the intensity of the X-ray beam to one-fourth its original 
intensity. If this is reversed by cutting the distance to one-half the original distance, 
the intensity of the X-ray beam would be four times the original intensity. Put this 
idea intonumbers. If you had a distance of 20 inchesand 40 imaginary X-rays strik- 
ing one square inch of the paper you can consider them to be the original distance and 
intensity. Now if you raised the distance to 40 inches or doubled your distance you 
would reduce to 10 thé number of X-rays on your one squareinchof paper. However, 
if you cut your distance in half to 10 inches you would be striking your one square 
inch of paper with 160 X-rays, or four times the original intensity. Actually what 
you do when you raise the distance is to spread those other 30 X-rays over three more 
square inches of paper so that your X-rays are striking a total area of 4 square inches 
instead of one. Now when you reduce your distance you are removing those spread 
out X-rays from the other areas and concentrating them onto this one square inch. 
(Figure 5-4). 


A Practical Experiment. A practical experiment in this law can be performed 
so that youcan "see" something of the law. Go to the flight surgeon or medical supply 
and ask to borrow a flashlight. Take the light and go into a dark room, either your 
radiographic room or the darkroom. Turn on the flashlight and shine it ona table 
or the wall. Now look for these things. Notice that the light emerges asa small cone 
or beam. Keep in mind that an X-ray beam behaves something like a light beam. 
Bring your source of light close to the tableor wall. Notice that the closer you come 
to the surface, the brighter: that surface becomes and the smaller the area of light. 
This shows you that intensity, or the brightness of the surface, is increased as you 
reduce the distance between it and the light. Now if youcan get someone to help you, 
place your light at a distance of 36 inches. Have your helper take aruler and get the 
approximate diameter of the light area shining on the wall or table. Now back up an- 
other 36 inches from your first spot. Have him measure the approximate diameter 
of the lightarea again. You will find that it will be approximately four timesas large. 
After doing this, place your light only 18 inches or one-half the original thirty-six 
inches and measure again. It will be approximately one-fourth the size of the diame- 
ter of 36 inches. Also notice that the light area is not as bright at 72 inches as at 36 
and that it is brighter at 18 inches than it is at 36 inches. 


You will recall in your chapter on protection that the farther away from the X- 
ray beam the better off you were. That fact stems from the application of this In- 
verse Square Law. Now if you understand this law you are ready to proceed in radio- 
graphic technique. You will return now to the idea of the four prime factors and what 
effect they produce on an X-ray film. But keep in mind the role that the Inverse 
Square Law plays as these effects are explained. 


TRE FOUR TECHNICAL FACTORS 


“There 8 are’ = doar’ fectinical: jactors thar Peankt. deaed. 2 Scorobiuation. of. KVP, MA, 
Tr aod: Be “Theee. are DENSITY, CONTRAST, DETALL. AND DISTORTION. Some den 
‘gree of: each one of these factors. is. present. in every “X-ray film, It'ie the 0b ject: ‘of 
every: technician ta provide the maximum of each of these facto~a, with. the: €%ception 
- gt distortion. which must be minimized. Tn ees these factors. RPtr: in. mind ‘the 
Asliowing characteristics So ORY 


mee : : © xrays travel in straight lines. 3 
‘Xerayee cant pase through matter. sey 
“Xetaye cannot be focused : £0. a pete 


Morera expose = photographic £ fm, 





| re This sf ahearpeton depends upen the: 
" geamie« stractare = of matter and the wave Jeneth: of Re res. : 


‘ rk ‘ ~ 


aS erare cause Aluorescence i in. b certain seubatances, See 


on your camera you Sail get mare light which will blackan your filmy more. la ny. 
You Rae Kevay peamn to Blacken the films. A dark filrn will bave: a high: ssureee af Alen es 
me anda: Aight film a Jow ee of Ac apeci {Figure 5-5). a 


“50-MA ~ fy Sec, , ag 
65 KVP - - 36" FFD" 
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aes a9 Effect ot Four 1 Prime Factors on a Density, 


Density on iene film in determined By the ote a cryetale thas are ‘exposed 
in the emulsion pf your film.” The number of there» crystals exposed is. determined - 
by the milliamperage, kilovoltage,- time, and distance Lone sore otbae factors pach 
ae filrn siecle ol wen athe seas Fou. will Jearn about later. = : zc 
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The higher the: milliamperage the more Merays: you will. shower onto the filma, | 


"Phe more. time you ues, the longer the exposure, so mere. X-rays reach the film, 
Bb bigher the kilovoltage the greater the ‘penetration; so more: X-rays are pushed — Sa 
_ through the part tothe’ film ctyatals. The: smaller the distance between. targetand 
 filys the more “M-rays. you have. striking the film. All af these things help: to ‘deter-— Specs 
thine how black the film. will become, All of. these things, then, have ao effect on the © Sue 


density of the radiographic film,’ “You want te have the proper deosity. “You do not 


Avant yont film to be too light or too aaa Seu want ae have bias aha amount BO 8 FOR 
Sart WEE. mh yous are dpoking: for, ce ae ue Sy PI eS Baas as 





eee! “CONTRAST. ‘Madeael i ameoae ig Fike ‘DIFFERENCE : BETWEEN THE DEN- Speen 
SITIES ON THE X-RAY FILM, “Contrast can bs understood if’ you will, remember the 

cother characteristics of (Krray. K-rays, are Bhsorbed 3 oC matter, — ‘This absorption 

" depends mpus the atomic | structure Bt ic eBe: matter Soe Sie wane een of. the CORRE at 


eee 5- “Bx 





FA rae Contrast 


On an X-ray. film you will gee varistiine in: the deus of hlaichine aii. : Some 





areas will be black, others: gray and. others white, In the black areas a great many a 


-erystals in the film. emulsion EX S expoued: in, the gray areas not as Many,-andin 
the white areas none. The black, the. gray, sand. the white areas “contrast! with each se 
‘other. : You can aeelt & diifernace a Manoity of the’ various areas. | } 


Ze  Boctraas is aflected: be ieeiactiy by ipvolage, Depending t poh. the uinte which . } 
the Xray. has to pass through, aod the wave length of the X-ray which passes through — 


st aty the contrast on the film will he! either high at Loy. The skin tissue haga relatively 


=j lew atomic. aumber Bo X-rays can ‘pass. through ait more easily without striking any 

oS ators. in it. ‘The thicker oF heavier the dseue gets, sach as moacie, the more téen- 

“ie dency there 4a for. Rerays ta strike: an. atom and Be absorbed. When you came to bone — 
i you have = touch higher concentration. of ‘atome- which will present: agreater posai- 

3 bility: pe ‘Kerays golliding with these atoms. and being absorbed. Now itis. apparent | 


1 : that the film crystals beneath each of these types: al tissue will ‘be exposed in prepor- 
a ties ‘ta: the amount of. Xeray that can be ‘pushed. through to them. ais agreatuumber pasa — 


| through, that area will be black (skin). When some of them paas through you will get 
a gray ara. ‘tmascle}.- And when they are ahsorbed almost completely the area will. 

he white Qoons), Now the @mnount of kilovoliage that is applied will determine just how 
much penetration af, sachni these areasis accomplished. If a high kilovoltage is used 


the ae) wave a tena oe be Bborter Seca aut Be e able to ae ee! the | more 
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compact atin in the Bones, This will mean that more of them will be. able to get 
. through the atoma nf the bone tissue to the. crystals of the film, Witha low kilovaltage | 
Eie..5 WAVE: Aeeigtie. would be Jona and, be anaer has more bompletely. Be be 





hea will: find: ‘that ican aire Pwo bynae of contrast. 7 One: type fe called ROOT. 


ue sCabe CONTRAST. ‘Short ecole. éontrast is where the black, gray and white areas. 


are yery Bharply defined. ‘The other type of contrast ig called LONG SCALE CON. ~ 
SCE TERAST. Long: scale. contrast is where there. is a blending of black, Bray and wee. 
sah The. various acne ate snot nr Aetined ac ABtgsre BeBe Sar 3 


SS OS: alg Seal : e ‘Shari -eale 





Higore 57 ‘Short and Long & Scale Contrast 


Contrast on an X-ray fiir my aifected. by bibes tdage ‘beaidan stowage: but: 
these will be brought to your attention when eyes reach them in later colder Sep 


- DISTORTION, Any part of the body. ona radingcaph will show sore < angeee ae 
* distortion: Distortion is the perversion of the true wize and shape of a ptructure. In” 
oK-ray the: general rule is to redace this distortion to a minimum, but deliberate dis- - 
tortion is used in special types of examinations, However, for general Xeray. work - 
yea wil attempt to reduce distortion, Ifa part is completely changed in’ L ABE pe or: if : 
the pests is + paapnitien in size you: can -aecept the: eet that it is distorted, : | 


: ‘ Distortion iw affected by four major’ ixctee as These factora are the PART-_ 
: F tL DISTANCE, THE FOCAL-FILM DISTANCE, TUBE ALIGNMENT, AND FOCAL-.. 
“SPOT SIZE. It is here that. yoummust: ‘remember that eoraye. travel. in a eee cere 
5s and. cannot be focused toe on aoe 5 Phe : aS Buena pretence 


The most perouadiciaa’s raya give you the least distortion, ‘The imaginary eens 
tex ray is called the. gents Fay Oca : 3 ee pe 


> Paektinn @ distances the distances: between the part being examined and the film. 
The closer the part ie placed to the film the less magnification it will have. You will 
be better able to produce ite true size, You must realize, however, that you will © 
“NEVER be shie ta completely obtain ita true size, Now, if you still have your flash- - 
light turn it onand place your hand in front of it, Move your hand in front of the. light : 
toward thé table and notice that aa vou get closer to your table your shadow. reduces . 
in size. Pall ee hand back toward. the mee and Sioa will . Bee Ne shadow become 


larger. 








BQ 


Focal-film distance, as has been said, is the distance between the. target or. oy 


focal spot. of the tabe: and the film, ‘Focal-filns. distance, is used to tedace: distortion a sett 
alao, The greater the fceal~film distance’ the lesa maguification you will have. You =... 
cansee this also by using your flashlight. Have someone take the light and then place ence 

your hand in the beam away: froin. the eurface.. ‘Place the light. thirty-six. inches away Leen 
from your hand, Your hand should be aboot six inches away from the suriace the ©. _ 
light is shining on. Notice the sine: of your shadow at thirty-six inches. Then have ~~ 


the man increase the distance to seventy-two inches and watchas he moves back how 
your hand shadow beging to decrease in size, This matter of focal-film distance will 
be wery SmnTEANS to you in later. work. Be oe BEE IS OS 


_ Focal- -Spot Sine 3 eS IRS Focal-Film Distance 
Large Srnall Small... Normal 





- Tube Alignment | “Bart Fim ‘Distance 
Angled Perpendicular. Normal. Abnormal. 





“Figure hi § ‘Factors in Distortion. . 


Tube aHgorrient is Sa ctbiest Sickie in Aiitorbions oe many: inptances we tee this . 
factor to produce deliberate distortion. However; as has been said, you will attempt 
to. reduce distortion in routine work wherever. posnible,: Ip understanding how tube- 
alignment affects distortion you muat keep in: tliat Lin characteriatic of rey that. 
ataten Sree aivaye travel in straight Aineet eh 


3 “Facal-apot. gies or thie) size of the target. iy tie Reap 4 taba alxo affects ‘the a- 
crnialand of distortion yau will have in: ‘your film, - The targer your focal-spot. or target. 
is the more magnification you will gee in. your film, The smaller the fycal- -spat the - 
less magnification you will have, ‘In the follawiag reapect, bowever, Msray. and. light 


are not SPEnpurnntes The Hight can be precuses é arn Bs pecpiat* source but oy ie AEE AA | 
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produced from. amuch larget area, This causes the geometric pattern of ey t 
PEeneRe a: fuagier ar. lene paar nly gehand ee of a PENREATE <5 


- DETAIL, ‘Detail de the degree. ‘af “sharpness ‘of the ieee on b your fiir, *yee °: 
hae. seen. photographs of aratious. subjects. an which the eubject. wan baBy as eo 
: tone portrait fran a stadia, In photography they are constantly peeking the. ‘lene which © 

will he’ Bo: sharp that it will pick | up the fine whiskers on the chin of an adolescent. ae 
The same: “thing jg true of X-ray. You attempt to provide. the finest amount of line” 
detail that you can: possibly obtain. Ta tiny. frattare on the edge of a bone is lost be- 
“gauze that edge was ‘fuzzy and. nat well defined, teat dead missed. wouls ape very. im- 





| peetia Ieee > a9h Cee 
Part- Filo Distance Ree os oe a a 
Normal © 2 teste) PFD Normal -—s Small FFD. 





? Focal-Spot Sige : , : 
Large = -. | “Small - | Motion Immohilized 
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ee 
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- Figute $-9 Detail 
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Detail is affected by PART-FILM DISTANCE, FOCAL-FILM DISTANCE AND 
FOCAL SPOT SIZE just as in distortion, but is also affected by MOTION OF THE 
PART AND THE TYPE OF FILM HOLDER that is used. The first three have been 
explained in the discussion on distortion but will be reviewed in regard to detail. 


.The smaller the part-film distance the more detail you will obtain. The lar- 
ger the focal-film distance the more detail you will have, and the smaller the focal 
spot or target the greater detail you will get. As for motion, it is both anadvantage 
and a disadvantage. In your general X-ray work you will attempt to reduce motion 
of the part or patient to the minimum, Motion would cause a blur on a radiograph 
just like a moving truck or car would in a photograph. You will NEVER be able to 
completely stop motion because some of the organs of the body are incontinuous mo- 
tion like the heart or the digestive system. Also the condition or the age of your 
patient may provide youwith a motion problem. Still, you must attempt to eliminate 
as much motionas you can in order to obtain the greatest amount of detail. The type 
of film holder that will help you eliminate motion will be explained to you in a very 
short time. 


BEHIND AND AHEAD 


You have just covered some fairly technical material. It isnecessary that you 
are aware of this information before you proceed. You know the four prime factors 
KVP, MA, T and D. You should understand what MAS is. You should be completely 
familiar with the concept of the Inverse Square Law. You should know what density, 
distortion, contrast and detail are and what factors affect them. 


Ahead of you is information on the film used in X-ray, film holders, auxillary 
devices and exposure mathematics. As you study this material you will be able to 
grasp more fully the ideas that have just been learned. You will see how they are 
actually put to use. 


X-RAY FILM AND HOLDERS 


X-ray film is a little different from regular photographic film. It has a base 
material of CELLULOSE ACETATE, but the emulsion, which suspends crystals of 
SILVER BROMIDE, is spread on both sides instead of only one. Modern X-ray film 
is called "safety" film because it will not burn rapidly as the old films used to do. 
Take a piece of cleared filmand light one corner and watch how it burns. Then if you 
have a cellophane wrapper from a package of cigarettes light it and compare the two. 
The old film used to burn like the wrapper. 


FILM TYPES AND SPEED 


In X-ray you will encounter two types of X-ray film. One is SCREEN FILM 
and the other is NON-SCREEN,. You will be hearing about the speed of the film. The 
speed" is determined by the size and number of silver bromide crystals in the emul- 


I 
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sion. The non-screen film has bigger crystals and more of them. Its emulsion is 
thicker. It is used only when X-ray IS THE DIRECT AGENT OF EXPOSURE. It is 
a "faster" film and produces short scale contrast. 


Screen film is used with intensifying screens which you will learn about in the 
next few paragraphs. It is sensitive to a BLUISH LIGHT emitted by these intensifying 
screens and X-RAY. It is only one-half as fast as non-screen film when exposed 
without intensifying screens, so it would take twice as much exposure to get the same 
density as a non-screen film. This is important to remember when you are using it 
in cardboard holders which you will also learn about in the next few paragraphs. Most 
of the film that you will be using in the Air Force will be of screen type. 


Regardless of the type of film you use, the "speed" of the film will be a factor 
in your technique. Remember that the faster" a filmis the LESS exposure you need. 
Because of the reduction of exposure, faster and faster speed of films is being sought. 
The more density you can get by using less X-ray the better itis (Figure 5-10). 


Crystals in Emulsion Cellulose-Acetate 
Base 


. 
oe aT 8 
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Figure 5-10° Diagram of Slow, Medium and Fast Film 
You will find the following sizes of X-ray film being used in the Air Force. 
14x 17 inches 
10 x 12 inches 
8 x 10 inches 
5 x 7 inches 
Dental Film 


These sizes are used in X-ray just as you have certain sizes in photography 
like 4x 5, 620 or 120. 


| 


FILM HOLDERS 


There are two types of film holders used in X-ray. Theyare the CARDBOARD 
HOLDER AND THE CASSETTE HOLDER, 


CARDBOARD HOLDERS, The cardboard holder is made of two pieces of card- 
board hinged at the top with a binding tape and fastened at the bottom with a small 


SIS 


_ Tevetal clip. On the hack piece of cardboard jaa sheet of ‘lead. ‘foil that. stops. see ; z 
“rays, Between these sheets of cardboard a2 paper envelope ip attached into: which yar. Heke 
| place your film; The fila comes: wrapped see anes the fila mith ite. PARES EES aoe 


ak 


as a Baeee ia this p paerlaes | eae sree ie 
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Get 4 cardboard fm pdtaae from the Savieatn: ii will! notice. that marked 
on one side ia the word “Tubeside’, . This is the side that. must ALWAYS be. placed 


facing the tube. Remember that the baci haga: lead. foil sheet which stops etray TAY Sc 


from coming ‘pack from the table to further expose your film, “Uniasten’ the clip ato. 


the: ‘bottom and lift the top sheet ap, Inside you will aee the paper SeyeeRey: You. wit ae : 


| Lean how. to load this holder: in the chapter on: darkroom RIDE eHAT ES 


“Now tbat you have an ‘iden what. the sarcbaical holder look like, » apt find. oS Arty 


how you use it, The cardboard holder is used for parts that measure onder ll centi- — 


meters, A cardbaard holder will give you better detail, but it. also: oul es Agee: See 


7 Sey CEPOR ARS: : Gaereayi ie is euese? fat. nese Hike the aa OF p soot eee 


“CASSETTE HOLDER. & cepastte. ules in a ‘reid poldes: ity a a hinged beck Pe 





2 and a. bakelite front, = 3 is. about: une~hbalf iach thi The holder has two intensifying 


> @ereenaon the inside, One screen is mountedon the front and the other on the hinged 


| packs The film is placed between these screens without the paper wrapping. The bed 


ae aS bakelite front is always placed BO that & faces the tube. ‘The Xarays pase through the” 
es bakelite. easily. — The screens. provide a: biviah light as the X-rays activate them and 
- help to expose ‘the film, The hinged back is made of steel, like the frame, | but it S88 Sees 


e any. any radiation ogy mes come back i irons Bae table ‘Bigs pestle 


The « casnette ie waged fon | all paste ie méasure « over 11 centhnetora, with its Se 

" @exeens providing light, which helps to expose the film, the amount of exposure ix 
eeear about. one-tenth that required when iging a cardboard holder, This combination of 

Se light: and X-ray expoging the film makes it a much ‘faster type of exposure than just SE 

Sie a cardboard which uses oaly Meray. You will, Bemev ees lose. some OETA because BSF 


3 ae ahs. Matt wilt blur the edged © at. ce images. nay 


“Ge fo tii dackepors again sik: get a tasaette. Notice the frome ‘atid the: wetah: . 
Torn: it over on the bakelite: surface sO. you. can open it up. Prees “your fingers ‘on 
either side of the hinges and: turn so the back is doosened. Grasp thetab at the bottom | 
of the back and lift wpe “Fhen aotice the white acreens and the: film. Read on naw and 
Bask out. about. these: ees screens, Pig rset era 


ae 


a 


sim yea | 


Ww seen Re 
G at 3 tanned 





Figure: 5-12 Cansette Holder 


‘Intenaif ; ne Sirnena:: tenstiying acreena “intensify” the exposure. They ate. = 
made of cardboard and covered with an emnigion. that contains fine crystals: of CAL 
‘CIUM TUNGSTATE, . “ ‘These erystais, when exposed to. X-rays, fluoresce. gr emitia 
bluish light, “These tiny crystals spread- thia light. in. all directions’ and expose the — 
Silver bromide crystals in the film emulsion, These crystals will give off light ac-\ 
cording to their number and size, ‘The bigger the eryatale, ahd the more of shen, 
the amore light they will emit. Thia. fact. brings you. to the ees at he acreeng. e i 

; nilas 6 Bis meee ‘of the = flea inate me ‘ ae 





< Cardboard 








"Figure 5-13 ‘intensifying Screens 


Fou will tind ‘that you tave: theese types: of dabeiieldying aereens, ale are thes: 


Bas SLOW, ‘MEDIUM AND FAST acreets, Usually, inthe Air Force, you will age mediuni | 


S speed. screéna, The Blow. speed acreen will have small crystals, so it: will take more ~~ 
X-ray to get the same exposure On a film as one with large crystals. © Remember oe 
that the slawer the screen, the. less. light there is to. expose the: film, The use of 
different. speed screens ae: Resa upon he, Sypeot examinations ye will ‘be creqiteed 
to do, a 


(9 ce ce 





| ‘There in ¢ one more ‘thine 4 bg ecanembne about screen. Atbovghe aseee cryatsr: 7 
will give you a “faster -exposire, it will also spread out ite light wmore and provide” 
LESS DETAIL. The farther the light: is. ‘allowed to spread out the fuxzier the image 

will be ‘because. waore ‘silver broniide crystals in the film are being exposed. “Tt is for. 

this reason ‘that you should use the medium speed screen for most of yor work. It ~ 

“will give you the speed necessary and at the same’ time: more of the: detail that you — 
want. 


aya Screen Contact. Because the dight from the crystels: ‘spreada out, the film must. 
She ie Very cloge. sontect eee the screens. | Rite Ts known a as SOON CONTACT, 


Where the film and the screens are not in close contact the Light wills Seal out: to 
“expose: nore: silver bromide erystals than necessary. Thie will cause a. fuzziness in 


the image. ‘and reduce the detail in that area. You will learn: how to. care “for your... a 
screens and how to check for screen. contact is the. s SEADESE ¢ on, the darkroom (Figure: aire 





eS: : 3 ee 
4 se ee 
= eszasnenaee ; ' ame 


Figure 5-14 Screen Contact 


en ienuies DEVICES 


puailiasy: equipment: is used in. Siohagenty ta ‘mmprove. the quality. of the Xeray SS 
film, and ta protect you from excessive radiation. The devices usedare earide. Ones, ae Se 


sae te and 3 Senter and filters. 


GRIDS 


Grids are suena to Misninats, as eh as poaxble, the secondary radiation that are 
is produced from the patient and the apparatus. They are uscessary forall the large 
body parts. There are two types. of grids being used by the Air Force, These are 


ss — is more eenemeely called a ey 





_ STATIONARY WAFER GRID. This grid fa a ‘thin, “pertanpulde @ davies that ie ee 


= mass in sizes to cover the different sizes: ai film holders. ttis made up ef. vertical - Sie 


the: stationary wafer grid and the pais eueky aiepitaa , ele » Romer Resky.€ dia- oe = 


“strips of lead and bakelite laid side by side. These strips are yery thin and are al<© << 
ternated, The lead will stop X-rays and the bakelite will allow them’ topass through. Alans 


. This type of grid has one important disadvantage, Tt will leave little white lines on ~ 

the film where the X-rays were stopped by the lead strips. These: lines are known es 
as grid lines, The standard wafer grid has visible coarse Tee. The Aavehol. gets See 

produces much finer and less noticeable lines {Figure 5~ 15), KRSEES : 





POTTER-BUCKY GRID, ‘This type at gridis a MOVING ja in contrast to the 
stationary grid, - “The Potter ~Bucky: typeof grid moves during the exposure aad blare ¢- | 
out the ‘mes lines. = epee S are sabades ot these merlin t the a anne Bantion and o coerertne Rtty es 
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Stationary Wafer Grid 
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Figure 5-15 Comparison of Grids 


Tf this type grid is not tioved at the. proper time ues will still be grid ‘ines; 


so it ie important that the speed of the grid and the speed of the exposure be timed ~ 
properly, The speed of the grid can be manually set. or automatically controlled 


from the control panel. The Potter-Bucky grid must: be in motion before the exposure 


starts and «till in motion after the exposire stops, This way the grid will always be —— 
moving during anexposure, This motion "wipes" up mest of fhe c Beem radiation 


preted from the body, and blurs out. the grid ener BN 


Gria Hues can be seen in the improper une af « Potter Bucky type of grid. } 


, Some af the common causes are: ; 
3 ue s | ‘Taeven speed of the grid. it Jere along and causes the grid i show lines, 


@ Exposure continued after the ae has SHAPER 9 or ene down near the - 
end of Ste SP AVObs: Se ggein | ee 


& Tobe icpcormkly cestered ‘This will cause uneven deunity: om one side 


of the film, and could also keep one sage of the hea ay avera” 


) ond atsty and cause etd lines, . 


2 An exposure inde before | the grid begins t to move. a He 


Grids that are eianaally set for time are of two tepsh ‘These are the nhandan dé 


Potter-Bucky which hasa time from 1/2 to 20 seconds or over, and a high speed type 
which can get down ta I/ 10 of a second, There is an automatic type called a RECIP- 
ROCATING TYPE, Thisis the: type that will be found on many machines that you will 
work with, It moves back and forth during an exposure while the single motion moves 


across only once. The grid is ‘automatically put into motion before your X-ray ex- : 


pasure is made, (When yon sea grid lines you usually have too fast an exposure or 
your tube ia not centered properly. } Usually the fastest speed that you can use with — 


a reciprocating bucky ig one-tenth of a second. Times of exposure shorter than this 


will show some grid lines. . Some. improvements have been made on thts matter BO 


you. TORY. he able fo. use. Shorea ee: in your PACH S WAS: clinic. , 


Find out ieee your qukaccued <ahalt types ¢ of grids. you have, Take ot. a | 


them so you can see how ers are Sa | 


GRID RATIO. The arnount of secondary radiation that a said will stop p degeade | 5 
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upon its GRID RATIO. The la rger the ratio the more secondary cadintinns J it. will ab- — 
sorb. However, the higher the ratio, the more primary radiation you must get tothe _ 
film, Grid ratio is a factor in the amount of radiation you will use. The grid ratio 

will determine how efficient a grid is. The grid ratio is the RATIO BETWEEN THE 
HEIGHT OF THE LEAD STRIP TO. THE WIDTH OF THE SPACE BETWEEN THEM, | 
You can picture this by using buildings and vacant lote, If the buildings are 100 feet 
high and the space or vacant lot between them is 10 feet wide then you have a ratio — 
of 10 to 1 (10:1). You have just divided the space between the buildings into the height 


of the buildings. In X-ray grids you use millimeters (mm. ) instead of feet, however. eee : 
The common grid ratios in use today are 5:1, 8:1 and 16:1. Ane 5 oe The Behe e se: 


grid ratio is more someppely. oeee now y than the others. aes 


Seisisicimestatsimisieimtaieiniad O80 Be 





8:1 Grid } 16:1 Grid — 





“Figure 5-16 Grid Ratio 
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a - FocusED GRIDS; apeut seeasacy grids are unfocused, but the Sev aaNane 
* sa cecegay areof the focus. type. {Pigure: S-17)}, -A focused: grid. isa type: ek rise 
 the-lead: strips 8 ted: doward slightly O° that pte you: drew a line from. the tip of. Sack 
"strip at would tueet ata. point above the gr id-~with ail. the lines trot. the ather - sir cS = 

oko ie distance between this point. of intersection. af all- these lines: and the center r oft te 

pbs es fe ibe GRID + RAI etaal Ae aoleckeed agri wae a Sroee thats are e vertinal, SEER ee 












| Figure 5-17, Focused « Grid 


. 3 ders y gee rmarked weaths thre words: Tube. Side” if itiga watiinbey: grid. 
Thie fide 0 must aieey fare whe be Hehe ne ig, focused | 80 ‘that all the ore will 





>- 





-Figare sas 8 Grid Radius. Ss | 


Belt, 


Se ‘USING A GRID, You will want to wee a grid whenever you have a. large ‘Body i : 
pert to. examine, Remember that you: are plating lead. strips. between the. patient and 


aoe: the itm. and thai some of the Kerays that pass through - ‘the ‘bady will be absorbed: dns Ss : 


—<s the erid. : Because of thie you have to: increase the amount Of. X-ray you are using to Seals 
~ get enough te: the film. Keep in mind. that the natio of the uae ay also meen into s £ fn 


os a she amount of increase yaa wil need in the Moray | to be: BREG.) 


» “ " 
i (o8e.. eS 
Y, , 
ue’ 


‘When: you awe ‘net tien. using a eget sd ‘San ‘that one a necessary you. j dhouis. es a 





add thrée to four times the amount of M-vay you were ‘nsing without it, When. uging . 
a grid the general figure that ia used is threeand one-half {3.5} times the MAS. - Thos, Ee 
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TECHNIQUE CHARTS 


The time has come to put all the other information into focus and see just what 
radiographic technique is and what you have to do with it. You have now a knowledge 
of KVP, MA, time, distance, Inverse Square Law, density, distortion, contrast, and 
detail. You are aware of what cardboard, cassettes, intensifying screens, stationary 
and Potter-Bucky grids are. You have some background now that is necessary in 
using these things to begin the actual taking of a radiograph. It has not been easy to 
relate all of thesethings together. Experienceis the best teacher in learning to com- 
bine all these things to produce an X-ray film. As you have probably seen by this 
time, thereis a great quantity of variables in taking an X-ray film. If you use distance 
to get more detail you are forced to increase the amount of X-ray. This will cause 
more secondary radiation that fogs your filmand creates chances for radiation injury. 
If you use a grid you have to increase your X-ray but you can compensate for the ex- 
tra secondary radiation by using a cone anda cassette. The thing you have to do is 
weigh all of these factors against eachother for the greatest advantage of all of them. 
Your prime purpose is to take a diagnostic and readable X-ray film. The choice of 
factors that you must choose are directed to that purpose. You must make a choice. 
If these choices do not give you the maximum effect you are seeking then you must 
revise your combinations and start all over. It is simply looking at what you have 
and using these for the best results. There is noreason for panicor discouragement. 


RADIOGRAPHIC TECHNIQUES 


Radiographic technique is that technique of selecting the proper amount of KVP, 
MAS and FFD that will provide you with the best density, detail and contrast. You 
know that youmust provide yourself and the patient with some protection from secon- 
dary radiation. To do this you will need a cone, cylinder, or diaphragm, and a grid. 
You must also select the proper type of film and film holder. In considering your 
combination of the above you must keep in mind the part of the body youare examin- 
ing, the condition of that part, the age of the patient, and the purpose of the exami- 
nation. But the prime thought that must lie in your mind is what the film is going to 
demonstrate after development. The objective of radiographic technique is to com- 
bine all of the necessary factors so that they will be revealed AFTER THREE TO FIVE 
MINUTES IN THE X-RAY DEVELOPER, 


TECHNIQUE OF DEVISING CHARTS 


Technique charts are charts which you establish so that you can get X-rays that 
are the same no matter how many you take or how many different people you X-ray. 
These charts will tell you how much KVP, MAS and FFD you will use on every part 
you take. They will tell you whether to use a grid or acassette or a cardboard. You 
can have these charts devised for adults and children. 


There are many types of technique charts but you will learn about three or four 
of the more common types. Before you go on to these you will begin to build a tech- 
nique chart of your own so you can see what planning is necessary in determining a 
good technique. Building your own chart will help you understand how to plan and 
change techniques. 
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In most techniques you will need one very important piece of equipment. This 
device is known as a CALIPER, The calipers measure in CENTIMETERS, All mea- 
surements of the body will be in centimeters, NOT in inches. You will use inches in 
determining the FOCAL-FILM distance only. There are inches on the inside of the 
X-ray calipers but you will not need them at this time. You will use this caliper to 
measure the part you are going to X-ray to see just how thick it is. Let's go on now 
to developing a technique chart using what you have already learned. 


TECHNIQUE NUMBER ONE, You are now standing in the center of an X-ray 
room. In front of you is a machine with a capacity of 100 MA, 100 KV and a timer 
with 1/20 of a second to15 seconds. On the MA selector you have achoice of 25 MA, 
50 MA and 100 MA. You can select any of these MA that you want. You have one 
KV minor selector which you can turn up or down and at each click will give you an 
increase or decrease of 2 KVP. You also have a KV major selector which adjusts 
by tens. The timer on the machine begins from 1/20 of a second and is graduated 
as follows: 1/20, 1/10, 3/20, 2/10, 5/20, 3/10, 4/10, 1/2, 6/10, 7/10, 8/10, 9/10, 
1, 2, 3 and 4 seconds, etc. Your tube column will allow the tube to be raised until 
you can obtain a focal-film distance of 40 inches. You have both a cassette and a 
cardboard holder. You have a stationary grid on the shelf above the machine and a 
Potter-Bucky diaphragm under the table top. You have medium speed screens in your 
cassettes. The X-ray calipers are sitting on the table top of the machine and you 
have a cone available next to it. Do you have everything now? Machine, cassette 
and cardboard, stationary grid and bucky, calipers, and cone? Fine. Here comes 
your first patient! Do you panic? No! You see that he is to be examined for a frac- 
ture of his right hand. You look at him. He appears to be very calm and not hurting 
very badly. You say hello and ask him to have a seat. 


And now this tells you something. He isnot in great painand seems to be steady 
enough so that he won't move. Looking at his hand you see through the skin and know 
that there is a great number of joints there. If there is a fracture in those joints you 
want to make sure that there is as much detail in the film as possible. These joints 
are small. This means that you will want to use a CARDBOARD HOLDER. What 
size? One that is large enough to provide space for his entire hand, of course, This 
will usually be an 8x 10 or 10x 12. Using the calipers you will place the man's hand 
between the movable metal piece and the base of the caliper. This will bein the area 
of the knuckles. You will see that his hand, if you look at the back of caliper, will 
measure between 3 and 4 centimeters. This would tell youagain that you use a card- 
board holder because the part measures UNDER 11 CENTIMETERS, 


You are seeking the greatest amount of detail so you know that the greater the 
FFD the more detail you will have. What FFD should you use? Generally, FFD's 
of 30, 36, 40, 48, and 72 inches are used in most clinics. Your machine, however, 
will reach a vertical maximum of 40 inches. Since you know the greatest FFD will 
give you the most detail you make a simple decision to use 40 inches. 


You have measured the handand determined that a cardboard anda 40 inch FFD 
will give you maximum detail. Now, just how much KVP is necessary to travel that 
40 inches and penetrate 4 centimeters of tissue and bone? Remembering that KVP is 
the prime factor that controls the type of contrast, you must have enough push to go 
through some of the bone as well as the tissue. You want to have a film that has a 
long scale contrast. But how do you begin to figure this KVP? YOU JUST HAVE TO 
MAKE A CHOICE! From experience it has been found that you will need between 40 
and 55 KVP. This is a range of 15 KVP that you have toselect from. You have four 
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choices: 40, 45, 50 and 55 KVP. You are a man of decision so you pick 50 KVP. 
You set your major KV selector to 50 KVP. So far your technique has developed to 
a cardboard holder, 40 inch FFD and 50 KVP. 


You must select amilliamperage and a time setting now. How much X-ray will 
it take to demonstrate that hand? Here, again, experience tells you that about 100 
MAS will usually give you the proper density. Density, you will remember, is the 
degree of blackness on the film. You decide to try 100 MAS. What MA settings are 
you going to use? You have three MA settings: 25 MA, 50 MAand 100 MA. You 
must make a choice again. It is a general rule in X-ray to make the shortest pos- 
sible exposure wherever possible. This would mean that you would use the largest 
MA setting you have with the shortest time available which would give you 100 MAS. 
Your time settings are from 1/20 to 4 seconds. Now you know that MAS is the mil- 
liamperage or MA times the seconds. Would you use 25 MA times 4 seconds to get 
100 MAS? No! Would you use 50 MA times 2 seconds to get 100 MAS? No! You 
would use 100 MA times 1 second because it would make the SHORTEST POSSIBLE 
EXPOSURE, 


Sonowyou have completed a technique. You are going to X-ray the man's hand 
using a cardboard holder, 40 inch FFD, 50 KVP, 100 MA at 1 second for 100 MAS. 


You place your cone in position in the space provided for it under the tube. You 
place the man's hand on the cardboard holder sothat both are centered directly under 
the tube. You see that the hand is close to the film for minimum part-film distance. 
You check your tube to see that it is at a distance of 40 inches. You adjust your ma- 
chine controls so that the KV meter reads 50 KVP, the MA setting is on 100 MA and 
the timer is set for 1 second. Then you push your exposure button and make your 
exposure, 


Looking at your film after development you see that you have detail. The edges 
of the bone are sharp. The cortex or the outer layer of the bone is white while the 
medullary canal is darker. The area of the film beyond the structure is black, the 
flesh surrounding the bone is varied in degrees of gray. You see no disturbing e- 
longation or magnification. You are satisfied that you have a diagnostic film. From 
now on you will use the same technique for every hand that measures 3 to 4 centi- 
meters. You make a note of this on a chart! 


Hand - Cardboard - 50 KVP - 100 MA - 1 second =— 40 inches - 3 to 4 cm. 


What you have doneis select the KVP, MAS, FFD and film holder that will give 
you the maximum detail, density, and contrast. 


TECHNIQUE NUMBER TWO. Another patient to be examined. A fracture of 
the hand again, but this time your patient is in extreme pain. You must take your 
film faster because he cannot remain still for the period of one whole second. What 
are you to do? You have a good technique, but it would take too long. You will re- 
member that if you used a cassette you could use just one-tenth (1/10) the amount 
you would need for a cardboard. The 40 inches FFD gave you maximum detail, the 
50 KVP provided the right amount of penetration and the 100 MAS gave you good den- 
sity. The right distance and the best KVP you already have,but you must reduce the 
time element. You do this by exchanging the cardboard holder for a cassette. If it 
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took 100 MAS to place a certain degree of density on the film with a cardboard holder 
you know that it will only take one-tenth (1/10) of that MAS to give the same density 
on a film ina cassette. You want to get the shortest possible exposure. You would 
still use 100 MA, but instead of 1 second you would use only 1/10 of a second. This 
would give you 10 MAS, 


However, you have had to sacrifice some detail by using a cassette instead of 
a cardboard. This sacrifice had to be weighed against the possibility that if you used 
a cardboard you would need a longer time of exposure. In that time the detail could 
be ruined by the inability of the man to hold still. Motion would be more detrimental 
than using a cassette. 


So you see that even when you find a good technique there will be many instances 
in which it will have to be changed to meet the condition of your patient. You will 
also see that.you can develop other techniques from your basic technique. 


In providing you with these two illustrations you will understand that these num- 
bers have not just been pulled out of a hat. Each technique must be developed for 
each part by SOMEONE, They had to determine what holder to use, the KVP, MAS, 
and FFD. They had to decide if this particular part needed a grid, etc. Upto this 
point you have seen some of the things that you have to do inorder to developa tech- 
nique. But to fully understand, let's build a technique chart with consideration of all 
points you have learned up to this point. 


BUILDING A TECHNIQUE CHART 


The first thing you have to know is what capacity your machine has. If you 
only havea 100 MA, 100 KV machine with a timer that goes down to 1/20 of a second, 
you will not need to build a technique chart using 300 MA, 130 KV and time down to 
1/60 of a second, On every machine there is a chart which is known as the TUBE 
RATING CHART. This chart is in graph form and will show the MAXIMUM amount 
of energy you can impress on your tube without damaging it (Figure 5-20). 


Notice that it has the KVP listed up the left side, the time listed across the 
bottom and the MAcurving through the vertical and horizontal lines. This graph will 
tell you just how long you will be able to use a certain MA setting. For example, if 
you were going touse 70 KVP at 100 MAyou would followthe linefrom 70 KVP across 
the chart until it met the line marked 100 MA. At this point you would look down the 
vertical line tofind out just how much time you couldimpress 100 MAat 70 KVP across 
that tube. You will find that you canoperate it for 9 seconds. You will be able toget 
900 MAS inone continuous exposure if you wanted to. But you will never need to push 
your machine to its maximum. It would be like driving your Cadillac at 240 horse- 
power all the time. It would wear out just as fast as one with less horsepower. Be- 
cause it works under its maximum rating most of the time it will last longer and when 


it is necessary to use peak capacity it will be there. Never operate your machine 
beyond its capacity. 


You will also notice that the chart is marked ''Full Wave Rectified Equipment". 
If you had some malfunction that produced only half-wave rectification you would be 
able to use only one-half of the capacity. You will find charts for full rectification, 
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Now you must experiment with the KVP. It has generally been accepted that 
for every centimeter of tissue you will require an additional two KVP. But you have 
to find that KVP which will give you adequate penetration of the thinnest part. In this 
section of the body you will start with the hand. You find out that for a three centi- 
rmeter hand, measuredacross the knuckles, it will take 48 KVP to penetrate it. This 
KVP will give you good contrast. From this, then you will begin to build your KVP.. 


CM Thickness 3 4 5 6 7 8 9 10 11 
KVP 48 50 52 54 56 58 60 62 64 


You now have completed basic technique. On these parts and parts similar to 
them, like the foot and the ankle, you can look at your chart and take your X-ray. 
One thing to remember, however, is that there are different positions of the same 
part taken in radiology which will require you to measure thickness for every posi- 
tion. Your wrist can be used for anexample. In the antero-posterior position it will 
measure, say, 5 centimeters. In the lateral position it will measure 7 centimeters. 
As you see it will take more KVP to penetrate it in the lateral position than it will 
in the antero-posterior. 


So now that you have more complete information, let's put it all together and 
see what the chart from this section of your body looks like. 


Cardboard 
Cardboard 
Cardboard 


Cardboard 


Cardboard 





Cardboard 


CM Thickness 3 4 #5 6 7 8 9 10 ll 
KVP 48 50 52 54 56 58 60 2 64 


If you have a mancoming in for a routine examination of the wrist youcan look 
at your chart and see that you will be using the PA and LAT positions. You will set 
your machine for 100 MAS hy setting your MA selector to 100 and your timer to l 
second. You will use an FFD of 40 inches. You will not use a grid. And you will 
use a cardboard holder. You will measure your patient's wrist in the PA position 
and find that it measures 5 cm. For 5 cm, you will use 52 KVP. You will measure 
his wrist in the lateral position and find that the wrist measures 7 cm. You will use 
56 KVP for the lateral position. 
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Now, if you will look over the chart above, you will see that there is a great 
amount of repetition. All of these parts are using the same MAS, MA, seconds, dis- 
tance, no bucky and a cardboard holder, You will notice, too, that most all of the 
parts will be under eleven centimeters. If you did this for every part you would have 
a chart that would be plastered all over theclinic. It would take time to hunt out each 
individual part and its technique. You can abbreviate this chart to save time and 
effort in locating these techniques. 


You realize that the hand, thumb, wrist, forearm, elbow, humerus, foot, ankle 
and leg will generally measure under 11 centimeters and that you will use a card- 
board holder to examine them. Here you could bunch all of these separate parts into 
one heading like "SMALL PARTS - CARDBOARD". These nine separate parts and 
the technique for them would look like this: 


Small Parts - Cardboard - (All Parts under 1l aaa 


mee as When using cassette use 
100 MA at 1/10 sec. 











CM Thickness 3 4 5 6 7 8 9 10 Ili 
KVP 48 50 52 54 56 58 60 62 64 


You may know by this time that this would be basic and that you may find many 
instances in which you must reduce the time or wish to reduce the amount of exposure. 
It has been illustrated that this can be done by using the cassette instead of the card- 
board. You could place this information in the "Remarks" section. 


SHOULDER AND PELVIC GIRDLE 


Now that you have some concept of how to make achart let's look at some other 
body areas that need special techniques. The shoulder joint, scapula, clavicle, knee, 
lower two-thirds of the femur, hip joint, and pelvic bones present characteristic fea- 
tures which will cause you to select cassettes and grids. They are either surrounded 
by a great mass of flesh or they are areas of compact bone. In either case, these 
structures create extensive secondary radiation. Even within these areas you will 
find the need for variation of MAS values. You cannot readily combine them into one 
block but you can reduceyour chart material by combining the areas which are alike. 
These parts will range from approximately 12 to 20 centimeters in thickness, There 
will be a wide range of tissue density which will require higher KVP's than in the ex- 
tremities. 


The scapula, shoulder joint, clavicle, knee and lower femur are placed ina 
group by themselves, They will usually measure between 12 and 20 centimeters. 
These areas will use acassette anda grid. You must consider the effect the addition 
of these two devices have on your technique. What is the grid ratio? What is the 
grid radius if it is a focused grid? What speed intensifying screens do you have in 
the cassettes? | 
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To establish a beginning point you will assume that you have the more common- 
ly used grid and intensifying screen. This will be a 36-inch Potter-Bucky diaphragm 
and medium speed screens. You will also be using medium speed film. Knowing that 
you are going to use a bucky and cassette you can make the following classification: 
Small parts - cassette with bucky. | 


You will also know that you will get maximum efficiency at 36 inches because 
you havea bucky with a grid radius of 36 inches. You willuse a 36 inches FFD. You 
must now find a MAS and a KVP which will give you good density and contrast. It has 
been found that 25 MAS will give you the density you want. 


Let's see now what your chart is beginning to look like. 


Small Parts - Cassette with Bucl 


-posirion | mas| ma | sec |oisr | REMARKS 


pe | | soo 5/20 of 


You know that the parts of the shoulder and pelvic girdleare thicker. They have 
more muscular tissue and compact bone than the extremities. This will mean that 
you must have more penetrating X-rays to get through to the film. You will needa 
higher KVP than in the extremity area. 





You must experiment to get your proper KVP. You are seeking the proper a- 
mount of penetration that will give you the most desirable contrast. You pick an area 
like the shoulder joint, measure it and see that it is 15 centimeters thick. You do 
not attempt to keep on the same KVP scale as the lower extremity scale because you 
know there is a difference in tissue and that you have added a grid and a cassette. 
You have also reduced your distance from 40 inches down to 36 inches. But you do 
have the idea that the KVP will be a bit higher, even though the distance is less. So 
you try to strikea happymedium. You try exposures at 60 KVP, 65 KVP and 70 KVP. 
You see that the film that had 65 KVP is the one that looks the best toyou. This means 
that 65 KVP should be used for parts measuring 15 centimeters in the shoulder and 
pelvic girdle. Your chart will show the centimeter thickness and kilovolts as illus- 
trated below. 


CM Thickness 13 14 15 16 17 18 19 20 
KVP 6163 65 67 69 71 73 75 


You haven't forgotten about the pelvic girdle and the amount of MAS it will re- 
quire. You find that 25 MAS is not giving you the proper density that you are seeking. 
You raise it, say, to 30, then 40, and finally 50. Fifty looks the best for the antero- 
posterior pelvis and the antero-posterior and lateral hip, but it is just not enough to 
show the pelvis in a lateral position. You must have another MAS value for that one 
position alone. One other thing about the lateral pelvis is that you are usually going 
to measure KVP right past the KVP capacity of the machine, If your measurement 
calls for 110 KVP when you only have 100 you will never be able to do it. You can 
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make up for that lack of KVP by using more MAS, Ina certain amount of MAS, like 
50, you will only have so many short wave lengths that will get through a large thick- 
ness. However, if you created more X-rays you would be able to produce that many 
more short wave lengths and although most of them are being stopped you would still 
get more of them through the part. So the lateral pelvis is a type of area where the 
capacity of your machine will not allow you to use KVP to push through, so you have 
to use more MAS to make up for it. There are other ways to meet this problem but 
you will learn those later. 


Once you have reached the limit of your machine in KVP you must use more 
MAS. You find out that it will take the 200 MAS to give you a density you like. Your 
chart for this area would look like the illustration below. 


Shoulder, clavicle, 
scapula, knee, lower 


2/3's of femur 


Pelvis 





CM Thickness 13 14 15 16 17 #%18 19 #20 21 22 23 24 25 26 
KVP 61 63 65 67 69 71 72 #73 #75 7 79 81 83 85 


There arealso body areas like the skull and the chest which have peculiar char- 
acteristics that require separate techniques. 


SKULL TECHNIQUES 


In the skull you have a particular shape and concentration of bone. The round- 
ness of the skull causes an image of it to be unavoidably distorted. It is also in this 
area that you become aware of the importance of close part-film distance. In the skull 
the side which is away from the film is blurred out and only that area closest to the 
film is shown on the film. The structures within this round skull also present diffi- 
culties. Because one structure is always overlapping others, it is necessary to use 
a great deal of angulation, which produces deliberate distortion, to throw one struc- 
ture away from the others. The skull will also create a great deal of secondary ra- 
diation and because the head is more susceptible to radiation injury, exposure must 
be limited. The skull is examined by the use of many special positions and will be 
an area that will have individual techniques. 


In determining techniques to be used in the skull, you see that you need a grid 
and screens. A maximum FFD is needed also because the tiny structures within the 
skull must have maximum detail. You will need higher KVP for the skull so you can 
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reduce the amount of MAS. A higher KVP is also needed whenyou introduce angula- 
tion because layers of bone will be superimposed over each other. You will needa 
variation of technique because you have the differences of tissue of the various struc- 
tures. For example, the sinuses are delicately constructed and contain air. You 
don't want to over-expose this area. On the other hand, the petrous pyramids are 
made of a dense concentration of bone which will require heavier exposures. 


To develop techniques for the skull will take time and experience and a thor- 
ough concept of density, detail and contrast. You must also be fully aware of the 
anatomy of the skull and the relationship of its structures to each other. 


Before you can fully grasp the concept of necessity of special techniques for 
specific areas of the skull, it is important that you develop a basic skull technique. 
From this basic technique you can create modifications that will provide you with 
suitable techniques for special view or conditions. 


You have found out that you need maximum distance, a grid and acassette. You 
also know that you want the least amount of MAS possible and that youneedmore KVP. 
The skull is an area that is susceptible to minor motion and because detail is so es- 
sential your exposure time must be the smallest you can make it. 


Where doyou start? The normal skull will usually measure from 18 to 21 cen- 
timeters from front to back, Laterally, from side to side, it will measure from 13 
to 16 centimeters. The routine positions to show the entire skull are antero-posterior, 
postero-anterior and the lateral views. It has been shown that 40 MAS will give you 
approximately the proper density. Let's set it down and see what you have. 


Skull - Cassette with Buc 





Your KVP is found by experiment. You have found that at 16 centimeters 66 
KVP gave youadequate penetration. The KVP factor would then appear as illustrated 
below. 


CM Thickness 13 14 15 16 17 18 19 20 21 22 23 
KVP 60 62 64 66 68 70 72 74 76 78 80 


From this basic technique, then, you could develop techniques for the para- 
nasal sinuses, mastoids, petrous pyramids, facial bones, etc. In doing this youmust 
keep in mind that some of the areas are dense bone like the petrous pyramids and 
others are thin wafer-type bones like some of the facial bones. You also must con- 
sider that the sinuses contain air which offer little resistance to passing X-rays. 
You must keep in mind that angulation of the tube will throw various bones over each 
other and thus add to the density of the part you are going to have to penetrate. 
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CHEST TECHNIQUES 


The area of the chest is peculiar in that it is a great air-containing structure. 
Because air is not much of a barrier to X-ray, the area of the chest will need con- 
siderably less exposure to obtain good density than other body areas. Also because 
of the great amount of air present in the chest region, the amount of secondary ra- 
diation that is produced in this area will not detract from the film if proper techniques 
are employed. However, the use of a grid is warranted in many instances. You will 
also find that cassettes are used for examination of the chest. 


The two main factors which influence a technique for the chest are detail and 
reduction of magnification. In the examination of the chest you will, whenever pos- 
sible, use an FFD of 72 inches. This is the optimum distance that you can use and 
this distance reduces the structures to their more normal size. This is important 
both for lung studies and for examination of the heart. Distances of 36 or 30 inches 
will magnify the chest structures to a detrimental point and preclude any accurate 
diagnosis. As with every statement in X-ray there will be some instances when these 
smaller distances will be used, but on general chest work the greater distance is 
employed. 


You will find that the most commonly used MAS in chest work is 10 MAS, This 
is used with the routine postero-anterior position. Upto 25 centimeters a grid is not 
used, but 25 centimeters and beyond will require one. You are then obligated to in- 
crease your MAS factor to compensate for the addition of the grid. This grid is usu- 
ally of the stationary wafer type. There are many examinations of the chest which 
require additional positions, suchas the lateral and obliques which cause youto change 
your MAS factor. The KVP used for the PA position will be used for the lateral and 
oblique positions as well. The MAS must be increased for each position. This area 
would be something like that of the lateral pelvis. Your caliper would show greater 
measurement than you could obtain from the KVP capacity of your machine. 


CERVICAL TECHNIQUES 


The cervical spine area is another spot where a distance of 72" is necessary. 
This is specifically for the lateral view of the cervical spine. Because the seventh 
cervical lies within the region of the shoulder, the neck cannot be placed directly 
against the film. There will be agreat part-film distance from your neck to the film 
because of the shoulder. As youremember you can obtain greater detail with a larger 
focal-film distance, so if you cannot get minimum part-film distance you can com- 
pensate with a maximum focal-film distance. This will reduce the magnification to 
proper limits. There are times, however, when this magnification is desired, but 
in routine work it must be reduced. 


This 72" distance is provided when you turn your tube so that it is parallel to 
the floor and your rays are traveling horizontally instead of vertically. 


So now you have some idea as to where all those numbers are arrived at on the 
charts you have been seeing. You must realize that you will use some charts that 
are already prepared. However, you must realize also that there will be changes 
needed from these various techniques when you go to another machine or to another 
station. NO TWO X-RAY MACHINES WILL OPERATE IN THE SAME IDENTICAL 
MANNER, On one machine you may be using a technique of 100 MA and 70 KVP and 
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getting a good film. On another machine you will find this technique too heavy or 
dark. You will have to change your technique to fit the machine. Even two machines 
in the same clinic will not give you identical densities. There will be a difference be- 
tween portable and fixed machines as well. Some machines will have more capacity 
than others and you will have to develop techniques for them all. 


AGE FACTOR IN TECHNIQUES 


The age of the patient is a factor in determining techniques. An infant from 1 
day to 2 years will require about 70% less milliamperage than the adult, and children 
from 6 to 10 years about 50% less than the adult. This will be the approximate re- 
duction with the exception of the chest. The density of the lung tissue of the child is 
greater overall than the adult chest. As the child grows older this density will de- 
crease. If you have a basic adult technique you can devise an infant and children 
technique. You must remember that many of the bones have not formed yet and that 
the structures are still cartilaginous in form. You must also keep inmind that chil- 
dren will be most generally uncooperative and that the shortest possible exposure 
should be used in your techniques. For successful child radiography you will need 
at least one-tenth second on your timer. This does not mean that you cannot make 
satisfactory examinations, but without fast timers and higher capacity machines your 
success will be limited. 


The elderly adult will also affect your techniques, With age the bones are not 
as well calcified and the tissue becomes less dense. You will find that you will be 
required to reduced your techniques to match these decreases in tissue density. You 
will also find that the smallest time possible should be employed. Elderly people, 
especially when ill, are prone to produce motion when being examined. 


PATHOLOGY FACTOR IN TECHNIQUES 


Disease will cause you to modify your basictechniques. If thereis added growth 
or increased fluid in a structure caused by pathology, you will need to increase your 
techniques, When there is erosion or a degeneration of tissue then the techniques 
will have to be reduced. Certain types of diseases are capable of producing both a 
decreased density of tissue and asthey beginto heal, anincreased density. In exam- 
ining these various cases of pathology it is well to askyour doctor if it is in a degen- 
erative or an additive condition so you can adjust your technique to suit it. 


TREATMENT DEVICE FACTOR IN TECHNIQUES 

Various kinds of treatment devices will affect your techniques. Plaster casts 
on broken bones will cause you to change your techniques. If the cast is wet it will 
require more MAS than when it isdry. Bandages and dressings also present problems 
when they cannot be removed, 


TYPES OF TECHNIQUE CHARTS 


The types of technique charts used today inthe Air Forcearethe TISSUE THICK- 
NESS, PLUS FACTOR, BODY TYPE, AND HIGH KILOVOLTAGE TECHNIQUES, The 
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Figure 5-21 Tissue Thickness Chart 
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part and multiply the centimeter thickness by two (2) and add this to the base KVP. 
Thus, if you hada knee with a base KVP of 40 and measured the part at 13 centimeters 
your technique would be as illustrated below. 


Knee - Cassette - 40 MAS -- 40 plus (13 x 2) equal 66 KVP -- 36 FFD - Grid 


Your MAS and FFD would have to be figured from the capacity of your machine 
as with other charts. This typeof chart is used extensively with field equipment when 
you have no technical factors available from an organized and proven chart. 


BODY TYPE, The body type of technique is based on the assumption that acer- 
tain amount of KVP is necessary to penetrate, but that the various types of body habi- 
tus or build will require varying amounts of MAS. For instance, if you have a certain 
kilovoltage thickness relationship such as you have seen in the tissue thickness and 
plus factor techniques, the MAS factor would be determined by the type of body you 
are X-raying. The body typesare average, large, and small. This type of technique. 
assumes that acertain amount of KVP and MAScan be used for the average individual, 
but that increasedor decreased MAS is required for large or smallindividuals, Thus, 
you could have a technique as illustrated below. 


Abdomen - 68 KVP - 36 FFD - Cassette - Grid 


Large <A A 100 MAS 
Average B B 75 MAS 
Small C Cc 50 MAS 


This type of chart isalso knownasthe OPTIMUM KILOVOLTAGE TECHNIQUE. 
This technique will have the same KVP, but will vary its MAS. The same KVP does 
not apply to all body parts, but just those parts or areas which exhibit the same type 
of tissue density. 


HIGH KILOVOLTAGE. The high kilovoltage type of technique is a technique 
that is dependent on high kilovoltages and low MAS. The higher the KVP the more 
penetrating the wave length. This fact will allow you to use a great deal less X-ray. 
This technique will show an overall gray contrast film, but the tissue outline can be 
seen more easily. You will need a high ratio grid such as the 16:1, as the higher a 
KVP is the more secondary radiation you will produce. 


You will see in some instances various charts which have more thanone choice 
of KVP range. This chart is used to vary the type of contrast you are required to 
show. Remember that the KVP will determine the type of contrast that is demon- 
strated on your film. 


Now that you are familiar with the various types of technique charts that you 
may encounter, and you know how a technique is built, you must learn some of the 
ways in which these basic techniques are changed to meet various conditions. You 
will constantly be required to modify these basic techniques. As you have read there 
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is an age factor, treatment device factors, pathology and injury factors which must 
be included in your final techniques. 


Many other factors will be involved in your final techniques such as machine 
limitations, malfunctions, auxillary equipment limitations, etc. The next section is 
one that will provide you with ways to modify these basic techniques to suit these 
varying conditions. 


EXPOSURE MATHEMATICS 


If you know how to divide one dollar into four quarters, or know that a dime is 
one-tenth of a dollar, you kiow some mathematics. You need have no fear of the 
simple mathematics you will find in your X-ray work. It is necessary at times, so 
you must learn those basic principles of X-ray exposure mathematics. It is assumed 
that you have been instructed in the basic addition, subtraction, multiplication and 
division of numbers. 


Now where do you use arithmetic in X-ray? You will sometimes encounter the 
task of performing an examination on a portable machine. You will be required to 
convert the technique of your fixed, high capacity equipment to a technique that is 
within the rating of a low capacity machine. For example, let us say you have been 
using a 100 MA and 100 KVP machine. Your technique calls for 100 MA, 1 second 
and 70 KVP. Your distance has been 40 inches. Your portable machine has only 30 
MA and 85 KVP capacity. Your problem is to determine a technique that will provide 
you with the same density using the portable equipment that you got using the fixed 
equipment. 


In X-ray you have a formula that has been devised that will allow you to make 
this conversion. It is known as the PHOTOGRAPHIC EFFECT FORMULA, Itis 
written: 


PE equals MA x T x Kvé 
D2 


As you see you have division, multiplication, fractions, proportions, powers, square 
roots, algebraic equations, and possible decimals to work with in this formula. 


Now don't allow yourself to begin skipping. You will review the basic principles 
of fractions, proportions, ratios, powers, square root and algebraic equations. If 
you have not had this type of mathematics you will find that they can be easily learned. 


FRACTIONS 


Fractions are a part of a whole number. The whole number 1 can be divided 
into fractions, suchas 1/2 or 1/4, Thetopnumber ofthe fractionis the NUMERATOR, 
and the bottom number is the DENOMINATOR, In the fraction 3/8 for example, the 
number 3 is the numerator and 8 is the denominator. Notice that the numerator 3 is 
a smaller number than the denominator 8. When the numerator is smaller than the 
denominator, the fraction is a PROPER FRACTION, If the numerator is larger thaa 





the denominator, as 8/3, the fraction is an IMPROPER FRACTION. 

Fractions are reduced to smallest possible numbers by dividing the fraction with 
a common denominator. For example, the proper fraction 4/8 can be reduced by di- 
viding both numerator (4) and denominator (8) with the number 4, which will reduce 
the fraction to its lowest terms. 

4/8 + 4/4= 1/2 
The improper fraction 9/4 is reduced in a similar manner. 
9/4+ 4/4= 2-1/4 


With improper fractions, you divide both numerator and denominator by the 
denominator. In the above example, you divided by the denominator 4. 


In X-ray you will be working with time exposures measured in fractions of se- 
conds. For example, with a technique thatcalls for a time of 10/20 of a second at 
100 MA, you should first reduce the 10/20 second to its lowest terms. 

10/20 + 10/10 = 1/2 
Your time for this technique, therefore, is 1/2 second at 100 MA. 


In the addition of fractions, if the denominators are the same, youadd the numer- 
ators and place them over the denominator. 


1/7+2/7 + 3/7 = 6/7 


If the denominators are unlike, you must divide the denominator of each fraction into 
a common denominator and multiply the numerator with the result. 


2/5 + 3/4 
The smallest number into which both denominators, 5 and 4, can be divided is the 
common denominator 20. The fraction 2/5 is equal to 8/20, and the fraction 3/4 is 
equal to 15/20. 
8/20 + 15/20 = 23/20 
23/20 = 1-3/20 


In the subtraction of fractions, if the denominators are the same, you subtract 
the numerators and place the result over the denominator. 


6/9 - 4/9 = 3/9 
3/9 = 1/3 


If the denominators are unlike, find the smallest number into which both denomina- 
tors can be divided, as you did in the addition above. 


3/4 - 2/5 
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The smallest number into which bothdenominators, 4 and 5, can be divided is 20. The 
fraction 3/4 is equal to 15/20, and the fraction 2/5 is equal to 8/20. 


15/20 - 8/20 = 7/20 
In multiplying fractions, multiply the numerators and the denominators. 
3/4x2/5x1/3 = 6/60 
reduce 6/60 to 1/10 
To divide fractions, you must invert the divisor, and multiply. The divisor is 


the number you want to divide into another number. The number being divided is 
called the dividend. For example, divide 7/8 (the dividend) by 4/10 (the divisor). 


7/8 + 4/10 Invert the divisor (4/10) 
7/8 x 10/4 = 70/32 


reduce 70/32 = 2-6/32 = 2-3/16 


PER CENT AND DECIMALS 


Fractions can be expressed in other terms. These terms are per cent or deci- 
mals. 


A per cent isa fraction thatis some part of 100. It has the sign %. An example 
of per cent is 43%. This means that it is 43 parts of 100. So 43% is equal to 43/100. 
You will not be able to use per cent in figuring your arithmetic. You have to reduce 
a per cent to a fraction or a decimal. 


A decimal is a proper fraction that is 10 or some power of ten. A power of 10 
can be illustrated in this manner. Ten is the first power, (101), 10 x 10 equals 100 
so this is 10 to the second power (102), 10 x 10 x 10 is 1000 so this is 10 to the third 
power (103), etc. As long as you keep multiplying you will be raising the power of 
ten. 10x 10 equals 100. 100x 10 equals 1000. Powers are written with a super- 
script such as 10, 102, 103, 


Now decimals are the fractions of this 10 or power of 10. Anything below 10 
such as 9 would be a fraction of 10. In decimals this is designated with the point (.) 
sign. The fraction 9/10 as a decimal would look like this (. 9). 


Decimals are read in tenths, hundredths, thousandths, ten-thousandths, etc. 


COMPARISON 
Per Cent Decimal Fraction 


10 % ol 1/10 
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TABLE OF DECIMALS 


- 1 equals one-tenth 107! 
.01 equals one-hundredth 1074 
-001 equals one-thousandth 1073 


~0001 equals one-ten thousandth 1074 


The addition and subtraction of decimals require that the decimal points be 
placed directly under each other. 


Addition 2.786 Subtraction 7.8743 
4.1 2.057 
8.05 5.8173 
14. 936 


Multiplying decimals is done.just as if you were using whole numbers. After 
you have gotten the product you start from the right sideand count off toward the left 
the number of decimal points used in the problem. There must be the same number 
of decimal places in the product as there are in the figures you are multiplying. 


72.1 Your answer = 15141 727. 3334 
2.1 Two points 2.2 
72 1 fron. right = 151,41 14546668 Five decimal 
1442 14546668 points to right 
1514 1 Product 160013348 = 1600. 13348 


When dividing a whole number into a decimal, you place the decimal point in 
the quotient directly above the decimal point in the dividend. 


uotient 202.0 
Divisor | Dividend 15/3030. 0 


RATIOS AND PROPORTIONS 


Ratios are relationships between two numbers. These numbers are called 
TERMS. The ratio is found by dividing the first term into the secondterm. If you 
have an X-ray tube that costs $2400 and another which costs $800 you can find the 
ratio by dividing the terms. 2400:800 = 3:1. The cost of the more expensive tube is 
three times the cost of the less expensive tube. Or you could have the opposite ratio. 
800:2400 = 1:3. This says that the less expensive tube costs only 1/3 the money that 
the more expensive tube costs. 


Proportion is an expression of equality between TWO ratios. The expression 
8:4 = 12:6 forms a proportion. All proportions must be composed of two equal ratios 
as illustrated below. 


8:4::12:6 = 8/4 = 12/6 = 2:1::2:1 


The same ratio is there, no matter how big the number. 
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In proportions,8:4::12:6, the two outside terms, 8 and 6 are called the EX- 
TREMES. The two inside terms, 4 and 12 are called the MEANS. Since the ratios 
are always equal inany proportion you will find that multiplying the extremes together 
and the means together, the products of each will be the same. 


Multiply the extremes 8x6 = 48 
Multiply the means 4x12= 48 


So far you have known all four numbers in your proportion. But what if you 
didn't have one of them? How would you find it? As long as you know three of the 
terms you can always find the fourth. 


The use of proportions in X-ray isa very common occurrence. You willuse it 
for finding relationships between the factors, KVP, MAS and FFD. Let's see how this 
works. 


You have a technique that calls for 100 MAS and 36 inches FFD. The spring 
breaks onyour tube column and you cannot get above 30 inches FFD. What new MAS 
would you have to use to get the same density you had using 100 MAS? Remember 
that youare closer to the film and that if you used the same amount of MAS your film 
would be darker. You want the same density so you must have less MAS. 


Now let's look at this problem. You have to find your ratios. You know the 
first ratio, 100 MAS:36"" FFD equals a certain density. The other is an "unknown 
MAS":30"' FFD. This new ratio has to equal in density the first ratio. The two den- 
sities are the proportions of darkness and are the equals, just like 48 was the equal 
of the previous example. Setting the ratios down you can see how they resemble the 
previous problem. But let's use "X" for the unknown MAS. Also you must remem- 
ber to put things that are alike together. 


MAS, :MAS, ::D4:D3 

Remember the Square: 
100 MAS:""X0' MAS::36"2 ; 30" 36 x 36 = 1296 

30 x 30 = 900 
100 MAS:"'X" MAS::1296 :900 


Now multiply the extremes: 100 x 900 = 90,000 
Multiply the means: X x 1296 = 1296X 
1296X = 90,000 


90,000 = 1296 = 70 and 1160/1296 


Forget the fractionand you have 70 MAS asthe new MAS youwill need at 30 inches to 
get the same density on the film that you got with 100 MAS at 36 inches. 


You should be familiar with proportions from the beginning of this chapter. Di- 
rect proportion is when you have the first MAS, then the second MAS, the first FFD 
andthen the second FFD. In the inverse proportion the formula would have the second 
FFD before the first FFD. 


MA, : MA, :: Dy : D2 is a direct proportion 
MA, : MA2 :: D2 : D, is an inverse proportion 


Remember that theseare justexamples. You will receive the proper formulas 
later. 


ALGEBRAIC EQUATIONS 


You had a formula given to you at the beginning of this section. This formula 
is an algebraic equation. You have used letters instead of numbers. Algebra helps 
us to find unknown numbers. In the above formula you see TWO sides. 


PE = MAx Tx KV4 
D2 


Left side of equation Right side of equation 


Now Photographic Effect is the radiographic density or blackness on the film 
caused by so much KVP, MA, T and D. You are going to find out what the Photo- 
graphic Effect is when you use 30 MA, 2 seconds,and 50 KVP at 30 inches FFD. Look 
at the left side of your formula and you see PE. On the right side of your formula 
you see: 


30x2x 502 
302 


PE = 30x 2x 504 
302 


PE= 30x 2= 60. 60 x 50% (Squared 50:50 x 50 = 2500) = 60 x 2500 = 
150,000. 150,000 is placed on the right side as the numerator. Now 
the distanceis squared. 30x 30 = 900. This 900 becomes the denomi- 
nator. 


PE = 150,000 
900 


Divide 900 into 150,000 and you find that PE = 166 (Approximately). 


166 = 30x 2x 502 
30¢ 


You know now that the photographic effect on that film is 166 when using the 
technique that was shown. But just what does this 166 mean? It has been said that 
it is the density. If you just take a film with a certain amount of blackness on it and 
say that this film has a photographic effect of 1, the 166 just means that itis 166 times 
as black as the 1. 


You are still interested in how algebra is going to be used. You have found that 
the PE was 166 with the techniqueused. Now what if you wished toincrease the dis- 
tanceto 40 inches FFD and still retain a PE of 166? You canuse the algebraic equa- 
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In proportions,8:4::12:6, the two outside terms, 8 and 6 are called the EX- 
TREMES. The two inside terms, 4 and 12 are called the MEANS. Since the ratios 
are always equalinany proportion you will find that multiplying the extremes together 
and the means together, the products of each will be the same. 


Multiply the extremes 8x6 = 48 
Multiply the means 4x12= 48 


So far you have known all four numbers in your proportion. But what if you 
didn't have one of them? How would you find it? As long as you know three of the 
terms you can always find the fourth. 


The use of proportions in X-ray isa very common occurrence, You willuse it 
for finding relationships between the factors, KVP, MAS and FFD. Let's see how this 
works. 


You have a technique that calls for 100 MAS and 36 inches FFD. The spring 
breaks on your tube column and you cannot get above 30 inches FFD. What new MAS 
would you have to use to get the same density you had using 100 MAS? Remember 
that youare closer to the film and that if you used the same amount of MAS your film 
would be darker. You want the same density so you must have less MAS. 


Now let's look at this problem. You have to find your ratios. You know the 
first ratio, 100 MAS:36" FFD equals a certain density. The other is an "unknown 
MAS":30" FFD. This new ratio has to equal in density the first ratio. The two den- 
sities are the proportions of darkness and are the equals, just like 48 was the equal 
of the previous example. Setting the ratios down you can see how they resemble the 
previous problem. But let's use ''X" for the unknown MAS. Also you must remem- 
ber to put things that are alike together. 


MAS, :MAS>::D4:D$ 

Remember the Square: 
100 MAS:""X" MAS::36''2 ; 30" 36 x 36 = 1296 

30 x 30 = 900 
100 MAS:'"'X"" MAS::1296 :900 


Now multiply the extremes: 100 x 900 = 90,000 
Multiply the means: X x 1296 = 1296X 
1296X = 90,000 


90,000 + 1296 = 70 and 1160/1296 


Forget the fractionand you have 70 MAS asthe new MAS youwill need at 30 inches to 
get the same density on the film that you got with 100 MAS at 36 inches. 


You should be familiar with proportions from the beginning of this chapter. Di- 
rect proportion is when you have the first MAS, then the second MAS, the first FFD 
andthen the second FFD. In the inverse proportion the formula would have the second 
FFD before the first FFD. 


MA, : MA, :: Dy : D2 is a direct proportion 
MA) : MA2 :: D2: D, is an inverse proportion 


Remember that theseare just examples. You will receive the proper formulas 
later. 


ALGEBRAIC EQUATIONS 


You had a formula given to you at the beginning of this section. This formula 
is an algebraic equation. You have used letters instead of numbers. Algebra helps 
us to find unknown numbers. Inthe above formula you see TWO sides. 


PE = MAxTx KV4 
D2 


Left side of equation Right side of equation 


Now Photographic Effect is the radiographic density or blackness on the film 
caused by so much KVP, MA, TandD. You are going to find out what the Photo- 
graphic Effect is when you use 30 MA, 2 seconds,and 50 KVP at 30 inches FFD. Look 
at the left side of your formula and you see PE. On the right side of your formula 
you see: 


30 x 2x 50° 
302 


PE = 30x 2x 504 
302 


PE= 30x 2 = 60. 60x 50% (Squared 50:50 x 50 = 2500) = 60 x 2500 = 
150,000. 150,000 is placed on the right side as the numerator. Now 
the distanceis squared. 30x 30 = 900. This 900 becomes the denomi- 
nator. 


PE = 150,000 
900 


Divide 900 into 150,000 and you find that PE = 166 (Approximately). 


166 = 30x2x 502 
30¢ 


You know now that the photographic effect on that film is 166 when using the 
technique that was shown. But just what does this 166 mean? It has been said that 
it is the density. If you just take a film with a certain amount of blackness on it and 
say that this film has a photographic effect of 1, the 166 just means that itis 166 times 
as black as the 1. 


You are still interested inhow algebra is going to be used. You have found that 
the PE was 166 with the techniqueused. Now what if you wished toincrease the dis- 
tanceto 40 inches FFD and still retain a PE of 166? You canuse the algebraic equa- 
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tion to help you. You now havea new distance so because it is greater you know that 
the film will be lighter if youuse the same MA, T, and KVP. You are going to have 
tofind anew MA orT or KVP to keep aPE of 166. You decide touse more MA. You 
have been using 30 MA up till now. What new MA can you use along with the other 
factors and still keep a PE of 166? Your formula would change slightly because you 
are no longer looking for PE but for MA. 


166 = "X" x 2 x 50% set down numbers in place of letters 
40 2 
166 = Xx 2x 2500 square numbers requiring squaring 
1600 
166 = 5000X 
1600 divide denominators into numerator 
166 = 3X 
3X = 166 reverse sides and divide 3 into 166. 


X = 53 MA approximately 


But what happens if you do not have a 53 MA machine? What if you only have 
50 MA as a choice? - you choose 50, of course. 


SQUARE ROOT 


In some types of problems you will have to find the square root of a number. 
You know that a square of a number is determined by multiplying a number times it- 
self. 30 x 30 = 900. Now if you just had the number 900 how could you find the num- 
ber that when it is multiplied by itself will give you 900? This is known as trying to 
find the square root ofanumber. The symbol is 'y—".. Do not be surprised if all 
numbers do not come out even. There will be close approximations which will be 
sufficient for your work. 


To find the square root of 900, first separate the numbers into groups of two 
figures each, starting at the decimal point (inthis instance the decimal pointis 900. 0) 
and forming the groups, first to the left and thento the right of the decimal point. If 
there is an odd number to the left of the decimal point, there will be one group con- 
taininga singlenumbér. However, if there isan odd number to the right of the deci- 
mal point, add a zero so that each group contains two figures. Then find the largest 
square which can be subtracted from the first group on the left. 


Vv 900. 00 Place the signand number down. 


Vv 9. 00. 00 Mark off your places on either side of the 
decimal point. You have one odd number on 
the left. 


Find the largest square which can be subtracted from the first groupat the left. 
You will notice that 3 x 3 = 9 so that 3 isthe largest square that can gointo 9. Write 
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it underneath the first group. 


3 
¥9. 00. 00 3x3= 9. Write the square root of this largest square 
above the first group as the first figure of the square 
root. Subtract the square number from the first group. 
Bring the next group down to go with a remainder. 


° 


Now you have to form a trial divisor. You do this by multiplying the root al- 
ready found by 2 and annexing a zero. With 3 being the first figure it will become 6 
+ a zero to become 60. 


3 
v9.00. 00 Divide the remainder (0 00) by the trial divisor (60). 
9 60 won't go into 0 00 so the 0 is placed next to the 3 in 


the quotient, In cases where the number could be 1 or 
6, etc. you would add it to the divisor (61, 66, etc.) 


You now multiply the complete new divisor by the new figure of the root which 
is 0.0 x60 = 0. Subtract the product from the remainder, Continue to bring down 
the other groups if you have them until all are used or the desired number of decimal 
points have been reached. Since each figure of the root is placed directly above its 
corresponding numbers or groups, the decimal point inthe rootis placed directly over 
the decimal point in the given number. 


Check your answer by squaring it. 30x 30 = 900. So 30 is the square root of 
900. 


You have now hada brief review of the basic mathematics that you will use in 
X-ray. The following sectionis a composite of the various formulas and how they are 
used in solving problems. 


FORMULAS AND SOLUTIONS 


You can use these formulas and follow the steps in their solutions for a great 
many of your practical problems. It is good to try and memorize as many of these 
formulas as you possibly can. The more important ones will be placed at the begin- 
ing. Those which you will be called upon to use less frequently will be placed at the 
end. 


HOW TO CHANGE MA OR DISTANCE 


MA-Distance Rule: THE MAIS DIRECTLY PROPORTIONAL TO THE SQUARE 
OF THE DISTANCE, 


MA, : MA2 :: D¢ : DZ 
Example: In a given technique, a proper radiographic density is obtained with 


40 MA at a distance of 48 inches FFD. What must the MA be in order that the same 
radiographic density at a distance of 72 inches FFD may be obtained? 


MA, : MA2 :: DS: DS 
40: X :: 48% ; 724 
40: X:: 2304: 5184 
2304 X= 207, 360 


X= 90 = NEW or 2nd MA 


HOW TO CHANGE MAS OR DISTANCE 


MAS-Distance Rule: The MAS is DIRECTLY PROPORTIONAL TO THE SQUARE 

OF THE DISTANCE, (As you see it is the same formula with the seconds added to 
it. ) 

2 2 

MAS):MAS 2 :: D) : D2 


You can use the same numbers as inthe previous example, but the 90 would be 
MAS instead of just MA. 


HOW TO CHANGE TIME OR DISTANCE 


Time-Distance Rule: THE TIME OF EXPOSURE IS DIRECTLY PROPORTION- 
AL to the SQUARE OF THE DISTANCE, 


TT): T2 :: DS : DS 
This formula is used when time alone is the thing you want to change. For in- 
stance you may want to use this when you have one timer which will only go down to 


1/10 of a second and you exchange this timer for one which goes down to 1/60. 


As you see all of these formulas are DIRECTLY PROPORTIONAL TO THE 
SQUARE OF THE DISTANCE, 


HOW TO CHANGE MA OR TIME 
MA-Time Rule: THE MA VARIES INVERSELY TO THE TIME OF EXPOSURE. 
MA, :MA,::T,: Ty 


(Notice in inverse formulas you place the second time ahead of the first time). 
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Example: In a technique with 65 KVP, 100 MA, 0.9 secondsand 30 inches FFD, 

a proper radiographic density is obtained. If the MA is changed to60 MA, what should 
be‘the exposure time in order to get the same radiographic density? Remember that 
in an inverse problem one factor has to go up and the other down. In this case you 
will have to increase your time to maintain the same density. 

MA) : MA? ‘oe T2 : Ty 

100 : 60 :: X:.9 

60 X= 90 

X= 1.5 seconds (new or 2nd time) 


Remember that MA x T = MAS. 100x.9= 90 MAS 


60x 1.5 = 90 MAS 


HOW TO CHANGE KVP AND DISTANCE 


KVP-Distance Rule: THE SQUARE OF THE KVP VARIES DIRECTLY AS THE 
SQUARE OF THE DISTANCE, 


2 2 2 2 


KVP, : KVP, ap Di : D, 


Example: In atechnique, 60 KVP, 60 MA, 3.5 secondsand 30 inches FFD you 
obtain poor detail. You want to increase your distance to 48 inches FFD for more 
definition. What new KVP is needed so the film will have the same density? 


2 2 2 2 
1 > KVP, :: Dy : D2 


602 : x2 :: 302 : 48° 


KVP 


3600 : X% :: 900 : 2304 
900X2 = 8,294,400 
x? = 9216 (Find square root) 


X = 96 (New or second KVP) 


HOW TO CHANGE KVP AND MAS 


KVP-MAS Table: There isno definite mathematical relationship when there is 
a requirement for changing KVPand MAS, There isa table that has been devised that 
will give you satisfactory results. This table is used for fast modifications required 
when you run into KVP, or MAS limitations on your machines, It is an inverse type 
of table, however. If you raise your KVP you must reduce your MAS. 


MA, : MA, :: Df : Dg 
Example: In a given technique, a proper radiographic density is obtained with 


40 MA at a distance of 48 inches FFD. What must the MA be in order that the same 
radiographic density at a distance of 72 inches FFD may be obtained? 


MA, : MA2 :: DS: DS 
40: X :: 48% : 722 
40: X:: 2304 : 5184 
2304 X= 207, 360 


X= 90 = NEW or 2nd MA 


HOW TO CHANGE MAS OR DISTANCE 
MAS-Distance Rule: The MAS is DIRECTLY PROPORTIONAL TO THE SQUARE 
OF THE DISTANCE. (As you see it is the same formula with the seconds added to 
it. ) 
2 2 
MAS,:MAS2 :: D] : D2 


You can use the same numbers as inthe previous example, but the 90 would be 
MAS instead of just MA. 


HOW TO CHANGE TIME OR DISTANCE 


Time-Distance Rule: THE TIME OF EXPOSURE IS DIRECTLY PROPORTION- 
AL to the SQUARE OF THE DISTANCE, 


-T, +: D*: D* 
T,: Tz 3: DE: D3 


This formula is used when time alone is the thing you want to change. For in- 
stance you may want to use this when you have one timer which will only go down to 
1/10 of a second and you exchange this timer for one which goes down to 1/60. 


As you see all of these formulas are DIRECTLY PROPORTIONAL TO THE 
SQUARE OF THE DISTANCE, 


HOW TO CHANGE MA OR TIME 
MA-Time Rule: THE MA VARIES INVERSELY TO THE TIME OF EXPOSURE. 


MA : MA, :: T 


1 7 T, 


2 


(Notice in inverse formulas you place the second time ahead of the first time). 
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Example: In a technique with 65 KVP, 100 MA, 0.9 secondsand 30 inches FFD, 

a proper radiographic density is obtained. If the MA is changed to60 MA, what should 
be‘the exposure time in order to get the same radiographic density? Remember that 
in an inverse problem one factor has to go up and the other down. In this case you 
will have to increase your time to maintain the same density. 

MA, : MA2::: T2: Ty 

100 : 60 :: X:.9 

60 X= 90 

X = 1.5 seconds (new or 2nd time) 


Remember that MA x T = MAS. 100x.9= 90 MAS 


60x 1.5 = 90 MAS 


HOW TO CHANGE KVP AND DISTANCE 


KVP-Distance Rule: THE SQUARE OF THE KVP VARIES DIRECTLY AS THE 
SQUARE OF THE DISTANCE, 


2 2 2 2 


KVP, : KVP, = Di : D, 


Example: In atechnique, 60 KVP, 60 MA, 3.5 secondsand 30 inches FFD you 
obtain poor detail. You want to increase your distance to 48 inches FFD for more 
definition. What new KVP is needed so the film will have the same density? 


2 2 2 2 
1 > KVP, :: Dy : D2 


602 : x2 :: 30% : 484 


KVP 


3600 : X% :: 900 : 2304 
900X2 = 8,294,400 
x2 = 9216 (Find square root) 


X = 96 (New or second KVP) 


HOW TO CHANGE KVP AND MAS 


KVP-MAS Table: There is no definite mathematical relationship when there is 
a requirement for changing KVPand MAS, There isa table that has been devised that 
will give you satisfactory results. This table is used for fast modifications required 
when you run into KVP, or MAS limitations on your machines, It is an inverse type 
of table, however. If you raise your KVP you must reduce your MAS. | 


KVP-MAS TABLE 


MAS to 1/2 original 








Double MAS 








MAS to 1/4 original Four times MAS 







MAS to 1/10 original Ten times MAS 


An example: If you were using a technique from your chart of 60 KVP and 50 
MAS and you wanted to reduce the amount of exposure you were giving toa particular 
part, you could raise the KVP to 70 and use only 25 MAS, to 75 KVP and use only 
6.5 MAS or to 88 KVP and use only 2.5 MAS. Which would be better - the 50 MAS 
or the 2.5 MAS? 


HOW TO DETERMINE THE SIZE OF CONE FIELDS 

A cone is identified by the diameter of its opening and the length of the cone. 
There are many sizes of cones. You use cones to restrict the primary beam to the 
smallest possible area. If you need to restrict the beam to one particular size of 
film you must be able to figure how big a cone field is necessary to cover that size 
of film. As you have read, you will be using film of 8 x 10 inches, 10x 12 inches 
and 14x 17 inches. These are rectangular in shape and you must find acircle large 


enough to completely cover them. 


To do this you must find the FILM DIAGONAL or the length from one corner of 
the film to the other (Figure 5-22). 


RULE: THE FILM DIAGONAL SQUARED IS EQUAL TO THE FILM WIDTH 
SQUARED PLUS THE FILM LENGTH SQUARED. 


D2 = w2 +L 
Example: x2 = 82 + 102 
x2 = 64 +100 
X¢ = 164 (Find square root) 
X= 12.8 inches (Film diagonal) 
Film diagonals: 8x 10 = 12.8 inches 
10 x 12 = 15.6 inches 


14x 17= 22 inches 
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( 


Figure 5-22 Film Diagonal 


CONE FIELD FORMULA 
Now that you can find the diagonal of a film you will next have to create a c:. 
cle approximately 13 inches, 16 inches and 22 inches depending upon the size of film 
you are using. You have a formula which you will use to determine this circle. You 
have four factors in this formula. 
@ Focal-Film Distance (FFD) Distance from focal spot to film. 


@ Anode-Lip Distance (ALD) Distance from the focal spot to the bottom of 
the cone itself, 


@ Diameter of Cone Field (DCF) Distance across center of your circle. 


@ Diameter of Cone (DC) Distance across center of your cone opening at 
the bottom of your cone. 


L 
oe 
Diameter 
5 of 
5 Cone 
Diameter of 
Cone field 


Figure 5-23 Cone Field 
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You will need to know three of these factors to find the fourth. 
Example: If you have a focal-film distance of 40 inches, an anode-lip distance 


of 20 inches, and are using a cone which has a diameter of 8 inches, what size cone 
field would be produced? 


FFD: ALD:: DCF : DC 
40: 20::x: 8 
20X = 320 
X= 16 inches (Size of cone field) 
Now what if you knew that you were going to need a 16 inch cone field but were 
using a different distance, or you had a different size diameter cone or you had to use 


a smaller length of cone-:? You could find any of these factors by substituting "x" in 
the proper place and figure as above. 


In many instances you are interested in getting a cone field that is much smal- 
ler than the film itself, You do this when you radiograph the gallbladder or some of 
the small structures of the skull such as sinuses, sella turcica or mastoids. 


Example: You want to have a 6-inch cone field on your film. You are using a 
cylinder cone so that you can vary your anode lip distance, The cone has a diameter 
of 4 inches. You are using a FFD of 36 inches. You have to find the anode-lip dis- 
tance which will give you a 6-inch cone field. 


FFD: ALD:: DCF: DC 


x = 24 inches anode-lip distance 
But what if your cylinder cone will not extend to 24 inches? What if you can 


only get an anode lip distance of 18 inches? The only thing left is to get a new dis- 
tance, 


FFD: ALD:: DCF: DC 
Xs18::6:4 
4X= 108 
X= 27 inches (New FFD) 
When using a diaphragm, which isa sheet of lead witha hole cutin it, you have 
a little more figuring todo. The size of the field on the film is primarily determined 
by the size of the hole in the diaphragm (Figure 5-24). The diaphragm is placed in 


the slot used for the filter in the port of the X-ray tube. You will have four factors 
again. 
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@ Focal-Film Distance (FFD) 


@ Anode-Diaphragm Distance (ADD) Distance between target and opening 
of diaphragm. 


@ Diameter of Diaphragm Opening (DD) 
@ Diameter of Projected Circle or Field (DPC) 


FFD : ADD :: DPC : DD 


Diameter of 
Diaphragm 








Diameter of 
Projected 
Circle 


Figure 5-24 Diaphragm Factors 
For example: You are using an FFD of 36 inches. You have an Anode-Dia- 

phragm Distance of 3 inches. You want to project acircular field of 10 inches, What 
must the diameter of the diaphragm opening be? 

FFD : ADD :: DPC : DD 

36 :3::10:X 

36 X = 30 

X= .8 inch (Diameter of opening) 


What size of a projected circle would you get if youused this .8 inches diameter 
diaphragm at 30 inches FFD? 


FFD : ADD :: DPC : DD 
30:3::X: .8 
3X= 24 


X= 8 inches (Diameter of Projected Circle) 
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The difficulty with diaphragms is usually that the Anode-Diaphragm Distance 
is not known and itis difficult to get anaccurate measurement of it. Thereis a means 
of finding this distance. If you havea certain diameter of diaphragm you can find the 
ADD. The formula is ADD equals FFD X DD. You have to take an experimental 

DPC 
film. Just placea film under the tubeand place your diaphragm in the opening. Make 
an exposure. From the exposure you can determine the ADD. 


For example: You have a diaphragm with an opening of 1 inch diameter. You 
are using 36 inches and you have measured the projected circle on the film to be 10 
inches, 





ADD = 3.6 inches 


From then on you will know that your ADD will be 3.6 inches. 


A cone, diaphragm or cylinder will reduce the intensity of your beam. Whea 
using one of these devices you must make a compensation in one of your KVP or MAS 
factors if the technique was originally devised without a cone, Generally, you will 
compensate by adding 3 to 10 KVP or increasing your exposure time 15 to 50per cent. 
Experience will be your guide when selecting the proper compensation. 


COMPENSATION TECHNIQUES FOR VARIOUS DEVICES 


Many techniques are developed that must be compensated when a treatment de- 
vice or an auxillary device is added to the exposure. Unless proper addition or sub- 
traction of factors such as KVP or MAS are made, the radiographic quality of your 
film will be reduced, 


PLASTER CASTS. One of the most common treatment devices you will meet 
are casts of plaster used to immobilize fractures. The amount of penetration or X- 
ray needed to get through these casts will be determined by the dryness or wetness 
of the cast. A new wet cast will take more X-ray than a cast that has been allowed 


to dry out. 
Wet Cast (One to two days) 3 X MAS or add 12 KVP 
Dry Cast (Over two days old) 2 X MAS or add 6-8 KVP 
WHEN CHANGING SPEED OF SCREENS. There may be some instances when 
the use of a fast ora slow speed intensifying screen would provide the quality of film 


you need, If your technique has been devised fora par speed (medium speed) screen 
you would have to make an adjustment in your exposure. 
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Changing from Medium to High Speed Screens 
Decrease MAS by 25% 
Changing from Medium to Slow Speed Screens 
Increase MAS by 60% 


If you had a technique developed for a medium speed screen of 60 MAS you 


would use only 45 MAS when using a high speed screen, or 96 MAS when using a slow 
speed screen. 


GRIDS, If you happen to be using a technique that was developed without using 
a grid, you will haveto increase your technique when a grid isadded. When you have 
a grid technique and you change the ratio of the grid to a higher ratio you must in- 


crease your technique. 
Adding a grid to a non-grid technique - 3.5 X MAS 
Removing a grid from a grid technique - 1/3 of MAS 


When adding grids compensate by ratio: 


5:1 - 3 X MAS or add 10 KVP 
8:1 - 3.5 X MAS or add 15 KVP 
16:1 - 5 X MAS or add 25 KVP 
FROM ADULT TO CHILD TECHNIQUE. The amount of MAS needed by children 


is less than the adult. This amount is related to the age of the child and, of course, 


to the condition from which the child is suffering. Below is a table for routine ex- 
posures. 


Birth to 2 years - 70% less than adult MAS 
Three to five years - 60% less than adult MAS 


Six to ten years - 50% less than adult MAS 


HOW TO DETERMINE THE HEAT STORAGE CAPACITY OF A TUBE 


As you know, approximately 99.8% of the energy expended inthe tube is turned 
into heat. This heat can build upin the tube until it reachesa maximum. The amount 
of heat that is produced is determined by the number of exposures made and the factors 
used in making these exposures. 


The unit is HEAT UNITS, It is found by multiplying KVP X MA X Sec. If you 
were using 50 KVP, 100 MA and 1 second you would figure as follows: 
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KVP X MA X Sec 
50 X 100 X 1 
5,000 H. U. 


You will find on your tube rating chart the maximum number of heat units you 
can put on the tube. You could put this maximum number of heat units on the tube 
in one exposure or a number of exposures. There is also a cooling chart on your 
tube rating chart. This chart will tell you how long it will take for your tube to cool 
(Figure 5-25). This information is necessary to you if you have a large number of 
people to X-ray at one time. The capacity of the tube for heat units will determine 
just how many people you can X-ray in one minute or one hour without hurting the 
tube. 


Now if you had a tube that could store 72,000 H. U. using full wave rectification 
and you were producing 5,000 H. U. per exposure, how many exposures could you take ? 


Maximum Heat Unit Capacity 
H.U. Per Exposure 


72,000 = 14.4 exposures 
5,000 


(8) HOUSING COOUNG CHART WITH AIR CIRCULATOR * 





Figure 5-25 Heating and Cooling Capacity Tube Rating Chart 


You can make 14,4 exposures one right after the other without exceeding the 
safety of the tube. Now even as you are producing these H, U. you will find that there 
is a cooling rate to consider. If you reached your maximum heat capacity of 72,000 
H.U., how long would it be before you could expose again? Let's say that the tube 
cools at 25,000 heat units per minute. You would find how long it would take by di- 
viding the cooling rate into the amount of heat units produced. 


Heat Units Produced 
Cooling Rate 


72,000 = 2.88 minutes 
25,000 
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You would not have to wait the full 2.88 minutes because as soon as you had re- 
duced your maximum heat units by 5,000, you could make another exposure of 5,000. 
Generally you will not be using exposures so close together that youneed worry about 
this, but it is necessary to know. You will find this necessary more in working with 
photofluorography which you will find out about later. 


BEHIND AND AHEAD 


You have now completed most of the essentials of radiographic technique. You 
should be able to formulatea variety of techniques and be able to compensate for many 
variations in those techniques. You should know the mathematics you will be using. 
The information inthis chapter will expand for you as you obtain practical experience 
on the job. You must useyour eyesto observe your films. Compare your films with 
each other and strive constantly toimprove your knowledge of radiographic technique. 


Ahead of you is a chapter which is concerned with radiographic positioning. 
Just as a model poses in certain positions for photographs, you will be required to 
position your patient for specific views of anatomy. It is an important chapter for 
you. Together with radiographic technique, it will give you the "core" of X-ray. 





Radiographic positioning is a very important. part of your Xray: knowledge. It 
is the technique of placing the parte of the body in certain positions ¢o the various. 
atructures of those parts can be seen on a film. A model uged by a: photographer fees 
positioned or posed. te ‘bring out certain attributes. - The same thing is done by the 
M-ray. technician, He poses his patient in various E pentiions. te set. he. pietiew of di< 
ease, or fractares in his. patient's hogy. , 2 Seah 3 3, 


| War ‘Positioning i uuieus the technician. ta: places ae part to be exainined Bo 5 that Ce 
rays paes through it and expose the film whith ig beneath it, Because you are posi~ 
| tioning the: body to ehow organe or structures inside the bedy you will use @ number 


of different positions, There are many atructares in the body that cover up other — : es 
structures, To get to these covered atructirea, you have to take side views orangle == = 


_ ‘either the patient or your X-ray tube. In this chapter you will learn How, to aie | 
the, bed for re wine 3 a Bees number of ae internal structires, —- 


ee oa = Ses a 


. PRINCIPLE OF TUES ae ta ROM EE 


The main principle of ipouthipning caudeces tube~part-ftim Liinciliedt, Thisis 


| = the i phicag of the tube, part and film eo that they are lined up. You cannot take an 
X-ray of a part if you do not have the X-raye pasaing y Shrove it, ‘You cannot take an 
Xeray if you ae: pot have the film aader the ests : 
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THE CENTRAL RAY 


The central ray is that ray which is coming straight down from the center of 
the tube. As you know the X-ray beam sprays out. (Each ray diverges slightly as 
the rays spread out to the edge of the beam). In positioning you are attempting to 
keep the part from becoming distorted and you MUST realize that the most perpendi- 
cular ray should ALWAYS be centered to the part being X-rayed, This means that 
you must position the tube as well as the part. 


PART-FILM DISTANCE 


You are aware of the necessity for minimum part-film distance. It is the dis- 
tance between the part and the X-ray film holder. In radiographic positioning you 
attempt to have the part as close to the film as possible. Keeping the distance be- 
tween the part being X-rayed and the film to a minimum is important. Sometimes 
this requires that you: build your film upto the part or readjust your technique to 
compensate for it by increasing your FFD. 


REDUCING MOTION 


Motion is detrimental to detail. It will make the image obtained fuzzy. In po- 
sitioning you must find means of reducing motion to aminimum, Many of the positions 
you will see later are difficult for a normal person to maintain. When your patient 
is sick, weak, or injured, it is even more difficult to maintain the position. There 
are many mechanical means of reducing motion such as sandbags, restraining bands, 
pillows, rolled sheets or towels, head clamps and stoppage of breathing during ex- 
posures. Reducing motion in X-ray is known as IMMOBILIZATION. Motion of the 
internal organs can only be reduced by SPEED OF EXPOSURE, 


You will get motion when the patient is cold, afraid, weak, young or old, suf- 
fering pain, or positioned too long in some uncomfortable position. You must con- 
sider all of these factors and always use immobilization of some type. Just a quick 
draft can cause a tremor that can ruin your examination. 


PLACING INJURED SIDE NEXT TO FILM 


You know that a minimum part-film distance is desirable. The side of the part 
which is closest to the film will be the side which will demonstrate the most detail. 
If your patient has aninjury to the left side of his head, then the film is placed against 
the left side of his head. You wonder how this can be done if there is a hole in his 
head. There are many techniques you will learn later which will show you that there 
doesn't necessarily have to be extra pressure applied toinjured areas. Just remem- 
ber that the side clasest to the film will have the greatest amount of detail. 


REMOVING ALL FOREIGN OBJECTS FROM PART 


Contrary to popular belief, X-ray does not see through everything. It is im- 
portant in a diagnostic examination to remove all jewelry, buttons, medallions, neck- 
laces, hairpins, dog tags, false teeth, etc., from the area you want to examine. 
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During mass surveys as done in civilian health programs, where people just walk in 
and have their "picture'' made, it is not necessary to remove such articles unless a 
suspicious area is seen, The reason for removal of these articles is that many fine 
fractures or areas of disease can be covered up by these objects and not be seen un- 
less removed. 


DRAPING 


You will ask your patients to remove any article of clothing or metal object 
from the areayou are going toexamine. You will be provided with cotton gowns which 
they will wear, These gowns are not starched, They are worn WITH THE OPENING ~ 
DOWN THE BACK. You will also use sheets and towels for draping your patients. 
You will never leave any patient, male or female, UNCOVERED at any time. 


PLACING PARTS ON FILMS 


Usually you will find that there are certain ways to place the part being X-rayed 
on your films. This is done toimprove the appearance of your film just as the photo- 
grapher "crops" his negative to improve the picture. Whether you place your film 
"lengthwise or crosswise" is dependent on how the part is found in the body. 


Proper centering of the part is an important factor in the appearance of your 
film also. A good appearance of the part on the film is an important difference be- 
tween a careful, thorough technician and a sloppy worker. 


LEADING OFF 


There is a technique known as "leading off' which you will use a great deal. 
You will require sheets of lead of different sizes which are known as LEAD MASKS. 
These masks are usually cut in the department to suit their procedures. These masks 
are placed over a section of your film allowing you to make more than one exposure 
on the same film. The lead will stop the X-rays and the film under it will not be ex- 
posed. One thing you must be careful of is not to get distracting ''canals"". These 
canals are strips of white between exposures. These canals are caused by the lead 
being over the area on both exposures, or they may be black where they were not 
covered for either exposure. 


Whenever you lead off, however, you want to make sure that the part X-rayed 
is running the same way in all views. This improves the appearance of your film. 
It also prevents confusion and distraction from having to turn the film around to ex- 
amine different views. 


VIEW, PROJECTION AND POSITION 


It is necessary for you to understand what is meant by view, projection, and 
position. It is generally thought that these three words are the same in meaning to 
an X-ray technician. You will hear terms such as lateral view, lateral projection 
or lateral position. This will mean that the X-ray picture is taken from the side and 
what you see on the film is a side view of that part. So when you are told to give the 
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radiologist a’ lateral pdeitinn, view or - projection, he will want a picture taker from: 
the Baas: LoRaN 7 


VIEWS USED IN EXAMINATIONS 


“There are our basic powitions: ea ta view parts of the body. ‘They. are ante- | 
rior-posterior (front: to back), posterior-anterior {back to front); lateral {fromthe > | 
side) and oblique (angled or. rotated}, “Wherever possible’ ‘you: will take TWO VIEWS | 
AT RIGHT ANGLES TO EACH. OTHER. (Pigure 6+15.- “This will mean that you will bee iis | 
required to take one anterior-posterior and a lateral view, OF a poatecton sates iar sana 
aud a lateral view whakexcr possible, 3 . 





Fier. 6- 1 ‘Right Angle Views: 


By. using two views aasksee eoeniie: yaa. wit ‘awk a better idea of the. iene By 
size and whape of a. part You will: isa he able to eee the. extent, ‘of. the injury with eo 
twa views, “One view ey net provide yee with the true picture of the SBIRY , 


There. ave aome. : parte at the body. which require only. one qiew eo do not Mean | 
compe ‘elarmed whee Sheet: are Fag acquaheaiet : ERE e will ‘be ESSERE to any rule, — 


2.9 eo. ee 


ta tig wee 


TUBE ANGULATION OR BODY 1 ROTATION 


:  Berkons 1 some structures of ihe bike cover up other stractares, you will have | 
to uae the oblique views in a- great rmany. instances. These views are obtained by angl- 
ing the tube or rotating the. part. You will une a combination of tube angulation aad _ 
\ body: rotation is demonstrating structures: “puth ae the skull, You cannot show the | 


Nas sternum aw a front-fo-back . projection because it- will be pressed in the spine. To | 


g show pe you have to get itaway from, ‘the: spine either by angling the tube or rotating 
> the ody. Structures such as petrous: pyramids, atyloid processes, sella turcica‘and © 


f optic) foramen are overlapped, - ‘By rotating the head, angling the tube or doing both, 
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When you angle the tube you inust realize that you will cause gome distortion. This 
cannot be avoided. ‘This ia a time when yoo are farced to use deliberate distortion. 
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Figure 6-2 Angulation and Rotation 


IDENTIFICATION 


Every film that you take must have some type of identification on it. IT MUST 
BE THE CORRECT IDENTIFICATION, You must know whose film you are looking 
at, what day it was taken, where if was taken and any other identifying markers nec- 
essary to the procedure. You will learn that it is of great importance to the radiol- 
ogist to know what side you have taken. For instance, if you took the film of the pa- 
tient's right leg you would put the letter 'R'"' on the film. If you are taking a film 
of the patient's abdomen or spine, it is necessary for you to place a "side marker" 
on the film. You could use an "R" or "L"' marker. This would indicate whether it 
was the "right" or "left" side. Then when the radiologist looked at the film he would 
be able to know which side was right and which was left. In case he found disease, 
he would know exactly what side it was on. You would not want anyone to operate on 
you unless he knew exactly what he was doing and WHERE! Youwill learn later where 
to use identification and what type is needed. 


Failing to place proper identification on films is one of the most common mis- 
takes madeby X-ray technicians. Youmust try toavoid this mistake by making SURE 
that you have the PROPER identification on every film you take. The number on the 
ID tape identifies the patient. The date tells you when the film was taken. The hos- 
pital data tells you where. Side markers inform the doctor which side he is viewing. 


HUMAN RELATIONSHIPS AND YOUR PATIENT 


Positioning requires the full cooperation of your patient whenever possible. You 
cannot get this cooperation unless you are gentle, kind, and sympathetic. Many of 
your patients will be afraid of your equipment or what you are going to do to them. 
You must keep in mind that they will not know what to do until you TELL them and 
SHOW them. ) 


How successful your examination is will depend on how you learn to handle your 
patients. The main thing is that you are there to perform a service for them and not 
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judge whether it is necessary or not. ATTITUDE IS IMPORTANT IN POSITIONING. 


One of the things you will encounter is lackof understanding of your instructions. 
DO NOT BECOME IMPATIENT. Explain distinctly, loudly and concisely the instruc- 
tions necessary to complete the examination. Repeat if necessary. 


Another point is unnecessary handling of your patient. You will gain more co- 
operation by demonstrating how you want the patient to position himself rather than 
pulling, pushing, twisting or punching him into position. You wouldn't appreciate it 
if someone grabbed your brokenarm, slammed it downon a film and twisted and turn- 
ed it-until he was satisfied with the position. Causing pain to an injured part may 
make the patient resentful, or he may become stiff, scared and shy. 


Your patient will be able to do his own positioning with gentle encouragment, 
persuasion and demonstration. In many instances, you will not even have to touch 
him, 


When you know that he will be required to sustain some pain, do not hesitate to 
tell him so. He'll find out anyway and you'll go on his list very quickly. 


TERMS USED IN POSITIONING 


HOW POSITIONS ARE NAMED 


Do you know what an anteroposterior oblique of the skull means, or the fronto- 
occipital view of the skull, or the inferolateral projection of the neck of the femur, or 
possibly Stenver's position of the petrous pyramids? You will encounter these terms 
and ones similar to them in studying radiographic positioning. When you hear these 
you will picture in your mind the position you will be expected to use, 


You see from the above examples that you have names which refer to DIREC- 
TION, ANATOMICAL LOCATION, AND PROPER NAMES OF MEN. In those that 
are designated with direction and anatomical location, the position is indicated by 
the prefix (or first word) and the suffix (last word). These words refer to where the 
central ray enters the part and where it comes out. Thus, in the inferolateral posi- 
tion the central ray enters the inferior surface and comes out on the lateral surface. 
In a fronto-occipital view, the central ray enters the frontal bone and comes out through 
the occipital bone. Now the use of a proper name denotes a particular position that 
you must know. When you see the name FORD you think of an automobile without the 
word automobile being there. You see a picture of a car in your mind. You will do 
the same thing when you see a proper name for a position. These particular positions 
are usually named for the men who developed them. So when you see Stenver's posi- 
tion for the petrous pyramid you will picture a definite position in your mind. Some 
men have developed more than one position, so the structure to be radiographed will 
usually follow the person's name, The term anteroposterior oblique will picture one 
of two possibilities inyour mind. One, that the central ray enters the front and comes 
out the back with the part in an oblique position, or two, the central ray angled in an 
oblique direction with the part in an anteroposterior position. 
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BODY PLANES 


Body planes are imaginary lines dividing the body into various portions. They 
are used inorientating the body to the tube, filmor table. There are five body planes 
uged in radiographic positioning (Figure 6-3). Theyare the MEDIAN PLANE, CORO- 
NAL PLANE, SAGITTAL PLANE, MID-AXILLARY PLANE AND TRANSVERSE PLANE, 


MEDIAN PLANE, This plane is an imaginary line which passes through the 
exact center of the body from front to back. It divides the body into EQUAL right and 
left halves. The plane is also called the mid-sagittal plane. 


CORONAL PLANE, The coronal plane is an imaginary line which passes through 
the body from side to side dividing it into front and back sections. 


SAGITTAL PLANE, Any imaginary line which runs from front to back and is 
PARALLEL to the median plane. Any number of sagittal planes can be used. They 
divide the body into UNEQUAL right and left portions. 


MID-AXILLARY PLANE. This plane is used a great deal in positioning. It is 
a plane that begins in the armpit and divides the body. It is really a continuation of 
the coronal plane. You will use it more than the coronal plane, 


TRANSVERSE PLANE, A transverse plane is any plane passing in a horizontal 
directionand at right angles to the median plane. This divides the body into superior 
and inferior sections. You can have any number of these planes. They give you a 


cross section of a part. 


CORONAL 
SAGITTAL PLANE (FRONTAL) PLANE 


; : ~~ \ . 
ae | PLANE 
iN 
J 
| 
| 


MEDIAN (MID-SAGITTAL) 
PLANE 





Figure 6-3 Body Planes 
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BODY POSITIONS 


You will use five basic body positions. These are the SUPINE, PRONE, LAT- 
ERAL RECUMBENT, OBLIQUE, AND ERECT POSITIONS (Figure 6-4). 


SUPINE - The patient will lie down with his back on the table. 
PRONE - The patient lies on his stomach. 
LATERAL RECUMBENT - patient will be lying on either side. 


OBLIQUE - The patient will assume a position between supine anil lateral 
or between prone and lateral. 


ERECT - The patient will be either sitting or standing. 
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OBLIQUE 


Figure 6-4 Body Positions 
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BODY MOTIONS 
These terms are used in preparing the various parts for positions and refer 

both to the motion of the part and the position of the part after motion has been com- 
pleted. 

SUPINATION - Turning the palm up. 

PRONATION - Turning the palm down. 

ADDUCTION - Moving toward the median line. 

ABDUCTION - Moving away from the median line. 

FLEXION - Drawing up or shortening. 

EXTENSION - Extending out or lengthening. 

INVERSION - Turning sole of foot toward median line. 


EVERSION - Turning sole of foot toward the lateral side. 


BODY LANDMARKS 


Body landmarks are structures used to locate other body structures. The 
landmarks are used just as a church, tree, or a certain intersection on a highway is 
used to locate places for you in the country. They point the way or designate the place 
you are looking for. There are three types of body landmarks. 


@ Those you can see - external auditory meatus, knuckles or heads ef the 
metacarpals. 


@ Those you can feel - mastoids, greater trochanter, anterior-superior 
iliac spine. 


@ Those that are related to two other landmarks - head of femur and ninth 
thoracic vertebra. 


BODY TYPES 


You will meet a variety of body types. Patients will come to you who are fat, 
thin, short or tall. These patients will create modifications of the positions to some 
extent. The location of the different organs will vary so you must be able to recog- 
nize these various body types (Figure 6-5). These body types, although four in num- 
ber, usually fall within three general classifications. 


STHENIC - the average individual with medium build. 
HYPERSTHENIC - the short, stocky individual. His chest will be short so 


his lung fields will be small from top to bottom. His stomach will lie high- 
er and be more horizontal in position. 
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SEX CHARACTERISTICS 


There will be differences in sex which you will have to realize. This is usually 
important in placing central rays and centering films. 


The male landmarks are more prominent than those of females. The tone of 
the body is harder and the structures beneath the muscles are more prominent. The 
male pelvis is narrow. The angle of the neck and head of the femur is less than in 
the female. The bone structure is larger. 


The female extremities are smoother and more conical in appearance than the 
male. There are normal deposits of fatty tissue in the buttocks, in the area of the 
upper thoracic vertebra, in the thighs and in the region of the lower abdomen. The 
female breast can create problems in examination of the chest. The female bone 
structure is smaller and not as rough as that of the male. The pelvis is wider due 
to the birth function, The angle of the neck and head of the femur is greater because 
of the wider pelvis structure and the shaft angles medially more than in the male. 


The lumbosacral joint will be wider in the female than in the male because the 
sacrum is more posteriorly angled. 


These characteristics should be considered as they will effect your positioning 
and techniques. 


ROUTINE VERSUS SPECIAL POSITIONS 


Each clinic will have certain positions that are used each time a part is examined. 
These positions are called routine. These routine positions can vary from clinic to 
clinic. Special positions are positions used to obtain further information when sus- 
picious evidence is indicated but not conclusively demonstrated on routine films. Al- 
so special positions are used to demoastrate structures that are not examined fre- 
quently. 


What is routine and what is special will be determined by your clinic. 


MODIFYING POSITIONS 


It is not wise to regiment your mind on what is right and what is wrong in posi- 
tioning. You will find that there are many variations from "standard" positions. The 
whole purpose of X-ray is to demonstrate structures requested by the radiologist. 
Positioning becomes an art as later experience will show you. 


Modifications of your positioning techniques will confront you constantly. You 
may find that the patient's organs or structures vary and your standard or routine 
projections will not demonstrate what is needed. Youmay find your patient's injuries 
will not allow him to assume the normal routine positions. You may find that your 
equipment will limit the use of some of the accepted routine positions. You will be 
able to devise new means of demonstrating structures that will show if you have learn- 
ed your lessons well. A thorough knowledge of anatomy is essential. You must also 
constantly observe your films so that you can identify structures you have demon- 
strated and correct them. REMEMBER YOUR TUBE-PART-FILM ALIGNMENT 
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PRINCIPLE, Whenyoucannot take a film in one position you must take it in another. 
You will see some guides as to how you can modify positions as you continue studying 
this chapter. 


BEHIND AND AHEAD 


You have now been exposed to some of the basic positioning knowledge that is 
necessary to fully understand what lies ahead. This knowledge will carry more mean- 
ing as you progress. 


In the next section you will begin to study positions used to demonstrate the 
structures of the body. Keep in mind that these positions can be modified. It will 
depend upon the preference of your radiologist which positions you use, what degree 
of angulation, etc. Be sure to study the illustrations very carefully and use the ra- 
diographs to learn how the structures look in the different positions. It isn't going to 
be much help for you to take a film and not be able to identify what you've taken. I 
is here that your knowledge of anatomy will become realand useful. You have learned 
positioning only when you can close your eyes and visualize in your mind all of the 
steps used in each position. 


POSITIONS 


STEPS IN POSITIONING 


In every examination you make there will be certain steps which you will repeat 
every time. It will be easier to learn positioning if you will learn these steps first. 


Film. It is obvious that you are going toneed film. The size, type and number 
will be determined by the size of the part you wish to show, the thickness of the part 
and type of technique to be used, and the number of film required by the number of 
exposures you are going to take. Look at your request form. If it requests an ex- 
amination of a hand for a possible fracture, you would do the following things. Look 
at the hand. Is it small or overly large? If small, you would use an 8 x 10 film; if 
large, you would use a 10x 12 film. Always use a film large enough to cover the 
area you wish to see. Do not use a big film for a little part. You are wasting MON- 
EY. You know you are going to examine a hand. You know that a hand is under eleven 
centimeters. You know that you would usea cardboard holder. Generally, a posterior- 
anterior and an oblique view is used in examining the hand. This will require two 
films. You can see, then, that you would use two 8 x 10 cardboard holders. 


Measuring the Part. Although this is primarily used to determine your expo- 
sure, you will do it during the positioning phase. Sometimes you are required to 
measure the part while it is in position, but usually you try tomeasure it first. This 
way you can set up your control panel and your patient will not be required to main- 
tain a position any longer than necessary. 


Positioning Patient. You will place your patient in the body position you are 
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going to use. You center him to the tableor to the film depending upon the technique 
you are using. He will be supine, prone, lateral recumbent, oblique, or erect, de- 


pending upon the part. You will center the body plane you are using to orient the body 
to the film or table. 


Positioning the Part. After you have the patient in a certain body position, you 
will adjust the part to its proper position. For the hand the patient would be seated 
erect and then the hand positioned on the film in a prescribed manner. 


Using Landmarks for Centering CR and Film, You will always have to know 
what landmarks you are going to need to center your film and where to direct your 
central ray. You should always ask yourself where youcenter the film or where your 
CR enters and comes out. 


Using Immobilization. You must always use some typeof immobilization. This 
may be mechanical devices for holding or inducing comfort such as pads, etc., or 
even suspension of breathing. Make sure that each position is immobilized. 


Placing Identification, Remember always to place identification marks on your 
film, with any other type of markers which are necessary to show what has been done 
in the examination. The identification should always be placed in an area which will 
not be covered by the part whenever possible. 


Final Check. A rapid visual check of your control panel must be made to be 
sure your KVP, MA and time arecorrect. Check final alignment of your tube. Check 
your tube from two sides to make certain of proper alignment. Check position, film 
and part centering, immobilisation and identification. 


THE HAND 
POSTERIOR-ANTERIOR VIEW OF THE HAND 


Use an 8 x 10 cardboard film placed lengthwise, or a 10 x 12 crosswise witha 
lead mask. Seat the patient at the end of the table. Place the hand with palm dow 
and fingers spread. The head of the third metacarpal is centered to the center of the 
film. The central ray is directed perpendicular to the head of the third metacarpal. 
Sandbags are placed over the forearm to immobilize the part. ID is placed at the 
top center. The part is measured through the knuckles. 


OBLIQUE VIEW OF THE HAND 


The oblique view of the hand is identically the same as the posterior -anterior 
view with one exception; place the hand so the back of it forms an angle of 45° to the 
film. 





’ 1 A Hae att 
(atl 








6-16 


THE THUMB 


ANTERIOR-POSTERIOR VIEW OF THE THUMB 


Use an 8 x 10 cardboard film crosswise with a lead mask. Seat the patient at 
the end of the table. Have the patient rotate the hand in extreme internal rotation until 
the posterior surface of the thumb is against the film. Center the first metacarpopha- 
langeal joint to the center of the film. Direct your central ray perpendicular to the 
first metacarpophalangeal joint. Sandbags are placed under the elbow and at tips of 
fingers to provide immobilization and comfort. ID to one side or in the center of the 
film. Measure through the first metacarpophalangeal joint. 


LATERAL VIEW OF THE THUMB 


Use an 8 x 10 cardboard film crosswise with lead mask. Seat the patient at the 
end of the table. Place the thumb so that the long axis of the thumb is lined along the 
mid-length of the film. Hand is flat and then the patient is instructed to draw fingers 
up until the thumb is in a true lateral position. Center the first metacarpophalageal 
joint to the center of the film and direct the central ray perpendicular to that point. 
ID on side or in the center, Use sandbags over the forearm to immobilize the part. 
Measure through the first metacarpophalageal joint. 


THE WRIST 


POSTERIOR-ANTERIOR VIEW OF THE WRIST 


Use an 8 x 10 cardboard film placed lengthwise or crosswise if two or more 
views are to be placed on the same film. Seat the patient at the end of the table. 
Have the patient double his fist and place the carpal area to the center of the film. 
The palm is down. Direct the central ray perpendicular to the center of the carpal 
area. Place a sandbag over the forearm for immobilization. ID is placed on the 
side. The part is measured through the carpal area. 
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LATERAL VIEW OF THE WRIST 


Use an 8 x 10 cardboard film placed lengthwise or crosswise if two or more 
views are to be placed on that same film. Seat the patient at the end of the table. 
Place the hand in a lateral position with fingers extended together or clenched. The 
ulnar side of the forearm is next to the film. Center the carpal area to the center of 
the film. Supinate the wrist 5 degrees to superimpose the styloid processes. Di- 
rect the central ray perpendicular to the carpal area. ID onthe side. Use sandbags 
over the forearm and on side of the fingers if extended. Measure through the carpal 
area. 


PRONATED OBLIQUE VIEW OF THE WRIST 


Use an 8 x 10 cardboard film placed lengthwise or crosswise if two or more 
views are to be placed on the same film. Position the same as for a PA view, but 
place the wrist at an angle of 45 degrees to the film. 


THE FOREARM 


ANTERIOR-POSTERIOR VIEW OF THE FOREARM 


Use a 10x 12 cardboard film placed lengthwise with a lead mask. Seat the 
patient at the end of the table. Place the arm with the palm of the hand up on the 
table. Include the joint nearest the injury on the film. Direct the central ray per- 
pendicular to the center of the unmasked half of the film. The forearm should b¢ 
centered to the median line of the film. Place sandbags over hand and humerus. The 
ID goes on the side or in the center between the views. Measure through the middle 
of the forearm, 
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LATERAL VIEW OF THE FOREARM 


Use a 10 x 12 cardboard film placed lengthwise with a lead mask. Seat the pa- 
tient at the end of the table. Bend elbow 90 degrees and turn the hand and wrist to 
the lateral position. Ulnar surface of the forearm on the film. See that the bones 
go the same way as the AP view. Supinate the forearm 5 degrees to superimpose the 
styloid processes. Direct the central ray perpendicular to the center of the film. 
Place ID on the side or in the center between the views. Sandbags are placed on either 
side of the hand if the fingers are extended and over the humerus. Humerus is as 
close to the table as possible. Measure through the center of the forearm. 


THE ELBOW 


ANTERIOR-POSTERIOR VIEW OF THE ELBOW 


Use an 8 x 10 cardboard film placed lengthwise or crosswise if two views are 
used on the same film. Seat the patient at the end of thetable, Have patient extend his 
arm out with the palm up. Center the medial epicondyle of the humerus one-half 
inch below the center of the film. Direct the central ray perpendicular to the center 
of the film through the joint. Use sandbags in the hand and over the arm. ID is on 
the side or in the center between the views. Measure through the elbow joint. 


LATERAL VIEW OF THE ELBOW 


Use an 8 x 10 cardboard film placed lengthwise or crosswise if two views are 
used on the same film. Seat the patient at the end of the table. Have the patient bend 
his elbow 90 degrees. Center the medial epicondyle of the humerus to the center of 
the film. Double the fist and place the forearm in the lateral position. Direct the 
central ray perpendicular to the center of the film. Place sandbags on either side of 
the hand and over humerus, ID on the sideor in the center between the views. Mea- 
sure elbow joint. 
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THE HUMERUS 


ANTERIOR-POSTERIOR VIEW OF HUMERUS (Lower two-thirds) 


Use a 10 x 12 cardboard film placed lengthwise. Place the patient in a supine 
position on the table. Place the humerus to the midlength of the film with the palm 
up. Include the elbow joint on the film. Direct the central ray perpendicular to the 
center of the film, Have the patient stop breathing during the exposure to immobilize 
him, Place a sandbag in the palm. Place the ID on the side of the film. Measure 
through the middle of the humerus. 


LATERAL VIEW OF THE HUMERUS 


Use a 10 x 12 cardboard film lengthwise. Place the patient in the supine posi- 
tion, Have the patient place the forearm over the abdomen. Build up the film with 
sandbags or blocks until the arm is in a true lateral position. Center the arm to the 
midlength of the film. Direct the central ray perpendicular to the center of the film. 
Place the ID on the side. Measure through the center of the humerus. 


THE SHOULDER 


ANTERIOR-POSTERIOR VIEW OF THE SHOULDER 


Use a 10 x 12 cassette film placed crosswise. Place the patient in the supine 
position on the table. Center the shoulder joint to the midline of the table. The joint 
is located slightly medial to acromion process. Place the film so that the upper bor: 
der of the film is 2 inches above the top of the shoulder. Direct the central ray per- 
pendicular to the center of the film. Suspend the breathing during the exposure for 
immobilization. Place the ID on the top space above the shoulder. Measure through 
the shoulder joint, There are anumber of routine views used with this basic position. 
Some rotate the body up. Others take one film with the palm of the hand down and 
another with the palm up to show the outline of the greater and lesser tuberosities. 
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THE SCAPULA 


ANTERIOR-POSTERIOR VIEW OF THE SCAPULA 


Use the AP view of the shoulder. This can be varied by placing the hand be- 
hind the head which draws the scapula laterally away from the rib cage. 


LATERAL VIEW OF THE SCAPULA 


Usea 10x 12 cassette placed lengthwise in a vertical cassette holder. Have 
the patient in a standing position. Grasp the hand of the injured side and place on the 
opposite shoulder. Rotate the body until the vertebral border of the scapula is per- 
pendicular to the film. Place the film so that the upper border is 2 inches above the 
top of the shoulder, Direct the central ray one-half inch medially from the center of 
the vertebral border. It will be horizontal. Have the patient suspend breathing during 
the exposure, Place the ID on the posterior side. Measure through the.central ray. 


CORACOID PROCESS OF THE SCAPULA 


Use an 8 x 10 cassette placed lengthwise in the bucky tray. Place the patient 
in the supine position with the coracoid process centered to the center of the white 
line on the table. The coracoid process is on the level of the manubrial notch and 
about 1 inch medial to the acromion process, Direct the central ray at an angle of 
25 degrees toward the head so that it passes through the tip of the coracoid process. 
Center the film to coincide with the central ray. Use an extension cone to get a6 
inch cone field. Have the patient suspend breathing during the exposure. The ID is 
"burned" in at the top of the film. The part is measured through the central ray. 
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THE HUMERAL HEAD 


LATERAL TRANS-THORACIC VIEW 


Use a 10 x 12 cassette placed lengthwise in a vertical cassette holder. The 
patient is standing in a lateral position. The affected shoulder is centered to the film 
which is placed in a vertical cassette holder. The uninjured arm is placed over the 
head. Central ray is directed horizontally to the axilla nearest the tube. Shallow 
breathing is allowed so that the movement of the chest will blur out the rib shadows. 
ID is put on the anterior side of the film. Measure through the axilla and include the 
injured arm. 


ACROMIOCLAVICULAR ARTICULATION 


Use a 14x 17 cassette placed crosswise in a vertical cassette holder. Place 
the patient in a PA standing position. Center the film so that the top of the shoulder 
is in the center of the film. Have the patient hold sandbags in his hands so that the 
shoulders are rounded and dropped as far as possible. Direct the central ray hori- 
zontally to the center of the film. Have the patient suspend breathing during the ex- 
posure for immobilization. Place the ID above the shoulder. Measure through the 
acromioclavicular articulations. Both articulations are taken on the same film at 
the same time for comparison. 


THE CLAVICLE 


POSTERIOR-ANTERIOR VIEW OF THE CLAVICLE 


Usea 10 x 12 cassette placed crosswise in the bucky tray. The patient is placed 
in a prone position. A sagittal plane passing through the center of the clavicle is 
centered to the white line of the table. The arm of the injured side is alongside of 
the body. The head is turned away from the injured side. The film is placed so that 
the upper border is 2 inches above the shoulder. Direct the central ray to the center 
of the film. Have the patient suspend breathing during the exposure for immobilization. 
ID is placed above the shoulder. Measure through the central ray. 
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THE FOOT 


DORSOPLANTAR VIEW OF THE FOOT 


Use a 10 x 12 cardboard placed lengthwise on the table. Have the patient sit 
on the table with sole of foot flat on the film. Toes should be about one inch below 
top of film. Center the foot to the midlength of the film. Direct the central ray at 
an angle of 15 degrees toward the heel. It enters the dorsum of the foot. Have the 
patient support the leg by placing arms around knees. Place the ID on the side. Mea- 
sure the central ray through the mid-dorsum of the foot. 


MEDIAL OBLIQUE VIEW OF THE FOOT 


Use a 10 x 12 cardboard placed lengthwise on the table. Have the patient sit on 
the table with sole of foot flat on the film. Place the medial edge of the foot to the 
lateral side of the center of the film. Have the patient rotate his leg and foot medi- 
ally so that the foot will forman angle of 45 degrees with the film. Direct the central 
ray perpendicular through the mid-dorsum of the foot to the center of the film. The 
toes are about 1 inch from the top of the film. Build sandbags up under the knee to 
provide immobilization. Place ID on the side. Measure through the central ray. 


THE CALCANEOUS (OS CALSIS) 


INFERIOR-SUPERIOR VIEW OF OS CALSIS 


Use an 8 x 10 cardboard placed lengthwise on the table. Patient is seated on 
the table with the leg extended. A strap of gauze or a belt is placed around the ball 
of the foot and pulled by the patient until the sole of the foot is perpendicular to the 
film. The central ray is directed at an angle of 40 degrees toward the back of the 
heel. It enters the junction of the middle and posterior thirds of the foot. Be sure 
the toes are straight up. Immobilization is by the strap and sandbags on each side 
of the leg. The ID goes onthe side. Measure through the central ray. 
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THE ANKLE 


ANTERIOR-POSTERIOR VIEW OF THE ANKLE 


Use an 8 x 10 cardboard placed lengthwise on the table. Patient sits on the 
table with the leg extended. Toes are straight up to be certain of a true anterior- 
posterior position. The lateral malleolus is about one-half inch above the center of 
the film. Direct the central ray perpendicular to the center of the film. Sandbags 
are placed on either side of the leg and at the toes for immobilization. ID is placed 
oh the side. Measure through the ankle joint. 


LATERAL VIEW OF THE ANKLE 


Use an 8 x 10 cardboard placed lengthwise on the table. Place the patient ina 
lateral recumbent position. The good leg is flexed over the bad one. The lateral 
malleolus is centered to the center of the film. Sandbags are placed under the toes 
for immobilization. ID is placed on the side. Measure through the ankle joint. 


MEDIAL OBLIQUE VIEW OF THE ANKLE 


Usean 8 x 10 cardboard placed lengthwise on the table. Havethe patient assume 
the AP position. Then rotate entire limb so that the ankleis at an angle of 45 degrees 
to the film. All three views can be placed on a crosswise 10 x 12 film if desired or 
necessary. 
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THE LEG 


ANTERIOR-POSTERIOR VIEW OF THE LEG 


Use one-half of a 14x 17 cassette placed lengthwise. (A 14x 17 is used be- 
cause you will usually not find a 14 x 17 cardboard holder in the Air Force). Place 
the patient in the supine position with leg extended out. The toes are straight up. 
Center the leg to the midlength of the unmasked half of the film. Include the joint 
nearest the site of injury. Place the film so that at least two inches of the joint in- 
cluded is on the film. Direct the central ray perpendicular to the center of the film. 
Place sandbags on either side of the foot to keep toes up and provide necessary im- 
mobilization. ID is on the side or in between the two views. Measure through the 
middle of the leg. 


LATERAL VIEW OF THE LEG 


Use one-half of a 14 x 17 cassette placed lengthwise. Patient is placed in the 
lateral recumbent position. The good leg is flexed over the bad one. Center the leg 
to the midlength of the unmasked half of the film. Include joint as in AP view. Place 
film so two inches of the joint are included. Direct the central ray perpendicular to 
the center of the film. Sandbags under toes or heel to maintain a true lateral posi- 
tion and under good leg for immobilization. ID is placed on the side or between the 
views. Measure through the center of the leg. 


THE KNEE 
POSTERIOR-ANTERIOR VIEW OF THE KNEE 


Use an 8 x 10 cassette placed lengthwise in the bucky tray. Place the patient 
in the prone position with sandbags under the ankles. Center the knee to the white 
line on the table. Center the film to a point one-half inchabove the head of the fibula. 
Direct the central ray perpendicular to the center of the film. Place the ID on the 
side. Measure through the central ray. 
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LATERAL VIEW OF THE KNEE 


Use an 8 x 10 cassette placed lengthwise in the bucky tray. Place the patient 
in the lateral recumbent position. Flex the good leg over the bad one. Have the pa- 
tient bend his knee so that there is a 45 degree angle of the joint if possible. Align 
the femur to the midlength of the film so that the tibia and fibula pass through one 
corner of the film. Center the film to the base of the patella. Direct the central ray 
perpendicular to the center of the film. Sandbags under toes and flexed leg for im- 
mobilization. Measure the central ray. 


THE FEMUR 
ANTERIOR-POSTERIOR VIEW OF THE FEMUR (Lower two-thirds) 


Use a 14x 17 cassette placed lengthwise in the bucky tray. Place the patient 
in the supine position on the table. Center the femur to the white line on the table. 
The toes should be straight up if possible. Include at least two inches of the knee 
joint in the film. The central ray is directed perpendicular to the center of the film. 
Place sandbags on either side of the foot to maintain immobilization. The ID goes on 
the side. Measure through the central ray. 


LATERAL VIEW OF THE FEMUR 


Use a 14x 17 cassette placed lengthwise in the bucky tray. Place the pafient 
in a lateral recumbent position on the table. Have the patient flex his good leg over 
the bad leg. Place sandbags under his flexed leg to support it. Align the femur to the 
white line on the table. Place a sandbag under the toes or heel to maintain a true 
lateral position. Include the knee joint on the film. Direct your central ray perpen- 
dicular to the center of the film. Measure your central ray. Place your ID on the 
side. 
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THE HIP 


ANTERIOR-POSTERIOR VIEW OF THE HIP 


Use a 10x 12 cassette placed lengthwise in a bucky tray. Place the patient on 
the table in the supine position. Center the hip joint to the midline of the table. Cen- 
ter the film to the level of the greater trochanter. Rotate the entire leg until the toes 
are straight up. Place sandbags on either side to immobilize the leg. Direct the 
central ray perpendicular to the center of the film. Use an extension cylinder and 
figure for a six-inchcone field. ID is burned at the topof the film. Measure through 
the central ray. 


LATERAL VIEW OF THE HIP 


Use a 10x 12 cassette placed lengthwise alongside of hip on table. Place the 
patient in the supine position on the table. Have the patient grasp his good leg at the 
knee and flexing at the knee and hip raise it off the table. Place the sandbag under 
knee and ankle to support this leg. Center the film so that the upper edge is one inch 
above the iliac crest. Direct the central ray at an angle of 30 degrees laterally and 
25 degrees downward. This may vary from patient to patient, but the purpose is to 
pass the central ray at right angles to the neck of the femur. ID on top side of the 
film. Measure through the central ray. 


OBLIQUE VIEW OF THE HIP 


Use a 10x 12 cassette placed lengthwise in a bucky tray. Place the patient on 
the table in the supine position so that a sagittal plane 2 inches medial to the anterior 
superior iliac spine is centered to the white line on the table. Rotate the body of the 
patient toward the bad side about 30 degrees. Center the film at the level of the 
greater trochanter. Direct the central ray perpendicular to the center of the film. 
ID on the side of the film. Place sandbags under the thighs, small of back and shoul- 
ders of patient to support the position. Measure through the central ray. 
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THE PELVIS 


ANTERIOR-POSTERIOR VIEW OF THE PELVIS 


Use a 14x 17 cassette placed lengthwise in a bucky tray. Place the patient in 
a supine position. The median plane is centered to the center of the table. The film 
is placed so the upper edge is 2 inches above the iliac crest. The toes are rotated 
slightly internally to maintain a true AP position. Place sandbags on either side of 
the feet. Direct the central ray perpendicular to the median plane midway between 
the symphysis pubis and the anterior-superior iliac spines. Have patient suspend 
breathing after inhalation, then make exposure. Place the ID on the top above the 
iliac crest. Measure through the central ray. 


THE SYMPHYSIS PUBIS 


POSTERIOR-ANTERIOR VIEW OF THE SYMPHYSIS PUBIS 


Use a 10x 12 cassette placed crosswise in a bucky tray. Place the patient in 
the prone position. Center the median plane of the body to the white line of the table. 
Center the film to the level of the greater trochanter, Direct the central ray at an 
angle of 15 degrees toward the head. It will enter the tip of the coccyx. The ID is 
placed at the bottom center of the film. Place sandbags under the ankles. Measure 
through the central ray. 


THE SACRO-ILIAC JOINTS 


ANTERIOR-POSTERIOR OBLIQUE VIEW OF THE SACRO-ILIAC JOINTS 


Use a 10x 12 cassette placed lengthwise in a bucky tray. Place the patient in 
the supine position on the table. Rotate the bad side up 30 degrees and place sand- 
bags under thighs and lower thoracic spine to maintain position, Center a sagittal 
plane that passes 2 inches medial to the anterior-superior iliac spine to the center of 
the table. Center the film so that the iliac crest is one inch above the center of the 
film. Direct the central ray perpendicular to the center of the film. Use an exten- 
sion cone with a six-inch cone field. Burn in the ID at the top of the film. Have the 
patient suspend breathing during exposure. Measure the central ray. 
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THE LUMBO-SACRAL JOINT 
ANTERIOR-POSTERIOR VIEW OF THE LUMBO-SACRAL JOINT 


Use an 8 x 10 cassette placed lengthwise ina buckytray. Have the patient assume 
the position for the AP view of the pelvis. Direct the central ray at an angle of 25 
degrees toward the head. It enters the median plane at a point about one and one- 
half inches below the iliac crest. The film is centered to coincide with the central 
ray. An extension cylinder is used with a six-inch cone field. ID is burned in at 
the top. Measure through the central ray. 


LATERAL VIEW OF THE LUMBO-SACRAL JOINT 


Use an 8 x 10 cassette placed lengthwise in a bucky tray. Have the patient as- 
sume the lateral recumbent position. The arms are folded about the head and the 
hips and knees are together and flexed. Sandbags are placed between the ankles and 
knées. The mid-axillary plane is centered to the center of the table. The film is 
centered so that the iliac crest is 1 inch above the center of the film. The central 
ray is directed perpendicular to the center of the film. An extension cylinder is used 
with a six-inch cone field. The patient suspends breathing during the exposure. 
Measure the central ray. 


THE SACRUM 


ANTERIOR-POSTERIOR VIEW OF THE SACRUM 


Use a 10 x 12 cassette placed lengthwise in a bucky tray. Place the patient on 
the table in a supine position. Center the median plane of the body to the white line 
on the table. Center the film so the upper edge is one inch above the iliac crest. 
Direct the central ray at an angle of 15 degrees toward the head. It will enter on the 
median line one inch above the symphysis pubis. Have the patient suspend breathing 
during exposure. Place ID on the side of the film. Measure through the central ray. 
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LATERAL VIEW OF THE SACRUM 


Use a 10 x 12 cassette placed lengthwise in a bucky tray. Place the patient in 
a lateral recumbent position. Hisarms should be folded under his head and his knees 
and hips flexed. Sandbags are placed between ankles and knees. Center the mid- 
axillary plane to the center of the film. Direct the central ray perpendicular. I 
will enter at a point 2 inches from the back skin surface. Youcan feel the sacrum in 
the back. The film is centered so the upper edge is one inch above the iliac crest. 
Have patient suspend breathing during the exposure. ID goes on the posterior side. 
Measure through the central ray. 


THE LUMBAR SPINE 


ANT ERIOR-POSTERIOR VIEW OF THE LUMBAR SPINE 


Use a 14x 17 cassette placed lengthwise in a bucky tray. Place the patient in 
the supine position on the table. Center the median plane of the body to the white line 
of the table. Place pillows beneath the shoulders and have the patient flex his knees. 
This will minimize the lumbar curve. The film is centered so that the iliac crest is 
one inch above the center of the film. The centralray is directed to the third lumbar 
vertebra and is perpendicular. Suspend the patient's breathing after inhalation during 
the exposure. Place the ID onthe side. Measure through the third lumbar vertebra 
region with respiration suspended. 


LATERAL VIEW OF THE LUMBAR SPINE 


Use a 14x 17 cassette placed lengthwise in a bucky tray. Place the patient in 
the lateral recumbent position on the table. Center the mid-axillary plane to the 
white line of the table. Have the patient fold his arms about his headand flex the hips 
and knees. Place sandbags between the ankles and knees. Place a rolled towel under 
the small of the back just above the iliac crest. If no pad is used angle the CR 10 to 
15 degrees. This is tocompensate for the natural curve of the back seen in the lateral 
position. Center the film so the iliac crest is one inch above the center of it. Direct 
the central ray perpendicular to the film at a point on the mid-axillary plane just over 
the center of the film. Have patient hold breath after inhalation during the exposure. 
ID goes on posterior side. Measure through the central ray. 
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OBLIQUE VIEW OF THE LUMBAR SPINE 


Use a 14x 17 cassette placed lengthwise in a bucky tray. Have the patient as- 
sume the position for the AP. Rotate the body up 45 degrees and center spine over 
white line of table. Place sandbags under shoulders and hips to maintain position. 
Central ray is perpendicular. Film centered as in AP. Respiration suspended after 
inhalation. The ID and measurement are the same as in the AP view. 


THE THORACIC SPINE 


ANTERIOR-POSTERIOR VIEW OF THE THORACIC SPINE 


Use a 14x 17 cassette placed lengthwise in a bucky tray. Place the patient in 
a supine position on the table. Median plane of the body centered to the white line 
the table. Place the film so the upper edge is 2 inches above the top of the shoulder. 
Direct the central ray perpendicular to the sixth thoracic vertebra. Have the patient 
suspend respiration after inhalation during the exposure. Place the ID above the 
shoulder. Measure through the nipple line. On female patients, use the fold of the 
axilla as a guide to the sixth thoracic vertebra. 


LATERAL VIEW OF THE THORACIC SPINE 


Use a 14x 17 cassette placed lengthwise in a bucky tray. Place the patient in 
the lateral recumbent position. Center the mid-axillary plane of the body to the white 
line on the table. Thearma are folded over the head and the knees and hips are flexed. 
Sandbags are placed between ankles and the knees. Place the film so the upper eds¢ 
is 2 inches above the topof the shoulder. Direct the central ray perpendicular to the 
mid-axillary plane at the level of the sixth thoracic vertebra. Have the patient sus 
pend breathing after inhalation during the exposure. ID is put on the posterior sid¢. 
Measure through the sixth thoracic vertebra. 
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OBLIQUE VIEW OF THE THORACIC SPINE 


Use a 14x 17 cassette placed lengthwise in a bucky tray. Have your patient 
assume the basic AP position. Rotate the body up about 30 degrees and place sand- 
bags under thighs and small of back. The arm grasps the edge of the table to hold 
upper part of the body or a sandbag is used at the edge of the shoulder. All other steps 
are the same asthe AP. Be sure to center the spine to the table. however. 


THE CERVICAL SPINE 
ANT ERIOR-POSTERIOR VIEW OF THE CERVICAL SPINE 


Use an 8 x 10 cassette placed lengthwise in a bucky tray. Place the patient i 
a supine position. Median plane of body centered to the table. Extend the patient's 
chin slightly. Center the film to the level of the fourth cervical vertebra. This lies 
under the thyroid cartilage or ''Adams apple"'. Direct the central ray at an angle of 
5 degrees toward the head to the fourthcervical vertebra. Have patient suspend res- 
piration during exposure. ID goes on the side. Measure through the path of the cen- 
tral ray. 


LATERAL VIEW OF THE CERVICAL SPINE 


Use an 8 x 10 cassette placed lengthwise in a vertical cassette holder. This 
view is taken at 72 inches because of the great amount of part-film distance. Place 
the patient in the lateral erect position. Center the coronal plane to the center of the 
film, Extend the chin until the angles of the mandible are free of the top cervical 
vertebra. Center the film to the level of the thyroid cartilage (fourth cervical]. 
Direct central ray horizontally through the coronal plane at the level of the fourth 
cervical vertebra. The patient suspends his breathing during the exposure. Plac¢ 
ID on the anterior side. Measure through the thyroid cartilage. 
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OBLIQUE VIEW OF THE CERVICAL SPINE 


Use an 8 x 10 cassette placed lengthwise in a vertical cassette holder. Place 
patient in anerect position with front facing tube. In this position the side away from 
the film will be shown on the film. Rotate the side under study 45 degrees from the 
film. Center the spine to the mid-length of the film. Direct your central ray hori- 
zontally to the film through the level of the fourth cervical vertebra. Have patient 
suspend respiration during exposure. Place ID on one side clear of part. Measure 
through the central ray. 


THE STERNUM 


POSTERIOR-ANTERIOR OBLIQUE VIEW OF THE STERNUM 


Use a 10 x 12 cassette placed lengthwise either in a bucky tray or on the table 
top. 


TUBE ANGULATION METHOD. Center lengthwise film to the center of the 
table. Place the patient in the prone position. Line up the film to the sternum. Have 
the upper edge of the film 2 inches above the manubrial notch, Direct the central ray 
3 inches lateral to the fifth thoracic vertebra and then angle it so that it will come 
out through the body of the sternum, (This localization is usually done from the right 
side of the body, but the left side is sometimes used so that the heart can act as com- 
pensating filter. Because the sternum is thinner at the bottom than at the top the heart 
will add density to the thinner bottom area and provide you with a more even density 
along the entire sternum). Have patient suspend respiration during the exposure. 
Place ID on one side. Measure through the central ray. 


BODY ROTATION METHOD. Place the film in a bucky tray lengthwise. The 
patient is prone and sternum is lined to the white line on the table. Rotate the body 
so the right side is up and forms an angle of 30 degrees to the table. The upper edge 
of the film is 2 inches above the manubrial notch. The central ray is directed per- 
pendicular tothe film at the level of the fifth thoracic vertebra. Have the patient sus- 
pend respiration during exposure. Place the ID on the side. Measure through the 
central ray. 
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SHALLOW BREATHING TECHNIQUE OR SHORT - FOCAL - FILM DISTANCE 
TECHNIQUE. Shallow breathing sometimes is used to blur the rib shadows. This 
movement is practiced a little before the exposure by the patient so that he doesn't 
breathe too deeply. Your exposure must be made at a longer time. This allows the 
chest to move enough to produce the blurring of the ribs. The use of a short focal- 
film distance also blurs out the ribs. The closer the tube is to the part the more out 
of focus are areas far away from the film. 


LATERAL VIEW OF THE STERNUM 


Use a 10 x 12 cassette placed lengthwise in the table, Place the patient in the 
lateral recumbent position on the table. Center the sternum to the white line on the 
table. Place the film so the upper border is 2 inches above the manubrial notch. 
Direct the central ray perpendicular one inch below the sternal angle. Have patient 
suspend breathing after inhalation during exposure. [Don side. Measure CR. 


THE RIBS 


ABOVE THE DIAPHRAGM 


Use the appropriate size of film, usually a 14x 17 cassette. Always center 
the film to the SITE OF INJURY. ALWAYS PLACE THE SITE OF INJURY NEXT TO 
THE FILM, The film is placed lengthwise in a vertical cassette holder, The central 
ray is directed horizontally to the site of injury. Have patient suspend breathing, 
after maximum inhalation, during the exposure. Leave this up to the patient, but 
have him try to get the maximum. ID placed on any free side so it doesn't get into 
the area of injury. Measure through the central ray. (This examination is also done 
in the recumbent position. The positions can be PA, AP, lateral or oblique depending 
upon the side of injury. Usually fractures of the anterior rib area use a PA position 
because you get the part closer to the film. The other positions are used for the same 
reason). 
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THE RIBS 


BELOW THE DIAPHRAGM 


Use a 14x 17 cassette placed crosswise in the buckytray. The patient is supine 
in either an AP or oblique position. This is because of the location and structure of 
those ribs below the diaphragm. All of the other procedures are the same. 


THE SKULL 
POSTERIOR-ANTERIOR VIEW OF THE SKULL 


Use a 10 x 12 cassette placed lengthwise in a bucky tray. The patient is placed 
in the prone position with the arms folded under his chest. The median plane of the 
body and head is centered to the white line on the table. The head is placed so that 
it rests on the forehead and nose. The film is centered to the nasion (Nasion: point 
where nasal and frontal bones meet). The central ray is angled 23 degrees toward 
the feet. It enters a point two and one-half inches above the EOP (external occipital 
protuberance) and comes out at thenasion. Have the patient suspend breathing during 
the exposure. Place the ID to one side. Measure through the central ray. Be sure 
that the body is lined up with the head. If it isn't it can make your skull position in- 
accurate. (Angulation of the central ray is varied. Some clinics will use 12, 15, 17, 
or 23 degrees. The angulation will affect the type of radiograph you will demonstrate 
so it is important that you study your radiographs so you can see what effect it will 
have on the structures of the skull). 


ANTERIOR-POSTERIOR VIEW OF THE SKULL 


Use a 10 x 12 cassette placed lengthwise in a bucky tray. The patient is placed 
in the supine position on the table. The median plane of the head and body is centered 
to the white line on the table. The chin is pulled down on the chest until the orbito- 
meatal line is perpendicular to the film. (Orbitomeatal line: an imaginary line that 
runs from the EAM or external auditory meatus to the external canthus of the eye. 
The external canthus of your eye is the point where the skin of the eye comes together 
on the lateral side of the eye). The film is centered to the nasion. The central ray 
is directed perpendicular to the nasion. Have the patient suspend breathing during 
exposure. Place the ID on one side. Measure through the central ray. 
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LATERAL VIEW OF THE SKULL 


Use a 10 x 12 cassette placed crosswise ina bucky tray. Place the patient in 
a prone position. Have him place his head ina lateral position so injured side is 
placed next to the table. Place the EAM on the white line in the center of the table. 
Have the patient place his fist under the tip of his chin to help maintain a true. lateral 
position. Check the interpupillary line and make sure it is vertical. (Interpupillary 
line: A line that passes through the pupils when the eyes are looking straight ahead), 
Check the median plane of the head and see if it is parallel to the table top. Center 
the film so the upper edge is at least one inch above the top of the skull. Direct the 
central ray perpendicular. It will enter at a point one inch above the EAM and one 
and one-half inches anterior to the EAM. This should place it over the sella turcica 
of the sphenoid bone. Have patient suspend breathing during the exposure. Place the 
ID on the face side. Measure through the central ray. 


FRONTO-OCCIPITAL VIEW OF THE SKULL (TOWNE'S) 


Useal0O x 12 cassette placed lengthwise in the bucky tray. The patient is placed 
in the supine position. Median plane of body and head is centered to the white line on 
the table. The chin is pulled down on the chest. The orbitomeatal line is vertical 
to the table. The film is placed so the upper edge is right at top of the head. Direct 
the central ray at an angle of 35 degrees. It will enter at a point 3 inches above the 
glabella (the areaon the frontal bone just between the eyes above the nasion) and come 
out at the base of the mastoid processes. Have patient suspend breathing during the 
exposure, Place the ID onthe side. Measure the central ray. 


THE SUBMENTOVERTEX VIEW OF THE SKULL 
(Means from below the mandible, "submento''; to the top of the head, "vertex". ) 


Use a 10 x 12 cassette placed lengthwise in a bucky tray. Place the patient in 
the supine position. Place pillows under shoulders until the head can be extended as 
far back as possible. Have the patient extend his head back until the top of the skull 
touches the table and the orbitomeatal line is parallel to the table. Be certain that 
the median plane of the body and head is vertical to the table. Center the film to the 
top or vertex of the head. Direct the central ray perpendicular to the film. It should 
enter midway between the angles of the mandible and strike the orbitomeatal line at 
right angles. Have patient suspend breathing during the exposure. Place the ID on 
the side. Measure through the central ray. 
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THE LATERAL OBLIQUE VIEW OF THE SKULL 


Use a 10 x 12 cassette placed crosswise in the bucky tray. Place the patient 
in the lateral skull position. All steps are approximately the same with the exception 
of the central ray. The central ray is angled 30 degrees toward the feet. It enters 
3 inches above the EAM farthest from the film and comes out one inch below the 
EAM nearest the film. The upper edge of the film is placed right at the top of the 
skull. The ID is on the face side. 


THE PARANASAL SINUSES 


CALDWELL'S POSITION (Frontals - also known as nose-forehead) 


Use an 8 x 10 cassette placed lengthwise. (Some clinics use buckys and others 
use a non-bucky technique). This position is the same as the PA view of the skull 
with the addition of the extension cylinder with a six-inch cone field. Burn in [Dat 
the topof film. (This positioncan be done either erect or in the prone position. The 
position will depend upon what the radiologist prefers. Generally, it will be erect 
because this position will allow for the demonstration of the fluid level). 


WATER'S POSITION OF PARANASAL SINUSES (Maxillary - also known as nose-chin) 


Use an 8 x 10 cassette placed lengthwise. Bucky or table top technique can be 
used. Place the patient in a prone position or a PA position. The median plane of 
head and body is perpendicular to the film. The nose is raised off the film one inch. 
The film is centered to the nasolabial junction. (Nasolabial junction is a point where 
the nose and lip meet). The central ray is perpendicular to the center of the film. 
It enters the posterior surface of the head and comes out at the nasolabial junction. 
The patient suspends breathing during the exposure. ID is burned in attop. Usea 
cone with six-inch cone field. Measure through the central ray. (The raised nose 
drops the petrous pyramids of the temporal bone out of the maxillary sinuses). 
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LATERAL VIEW OF THE PARANASAL SINUSES 


Usean 8 x 10 cassette placed lengthwise. This view is to obtain all of the para- 
nasal sinuses in one view. It is the same basic position as the lateral skull with the 
following exceptions: The film is centered to the external canthus of the eye. The 
central ray is perpendicular to the external canthus of the eye. The ID is burned in 
at the top of the film. 


VERTICOSUBMENTAL VIEW (Sphenoid sinus) 


Use an 8 x 10 cassette placed lengthwise. The chin is extended out over the 
film as far as possible. The patient is seated or ina prone position. The film is 
centered to the point between the angles of the mandible and the mental symphysis. 
The median plane of the head and body is perpendicular to the film. The orbitomeatal 
line is parallel to the film. The central ray is directed from the top of the head to 
the film so that it strikes the orbitomeatal line at right angles. The patient suspends 
respiration during exposure. The ID is burned in at the top because a cylinder cone 
is used on this view, too. You will figure a six-inch cone field. Measure through 
the central ray. 


THE MASTOIDS 


LATERAL VIEW OF THE MASTOIDS 


Use 8 x 10 cassette placed crosswise, Lead masks are used so that both mas- 
toids can be taken on the same film. Patient is placed in the prone position with his 
arms folded under his chest. The EAM of the affected side is centered on the film 
which is unmasked. Median plane of the skull is angled 15 degrees toward the face. 
Central ray is angled 15 degrees toward the feet. It enters a point two inches above 
the EAM and two inches posterior to the EAM. It comes out through the mastoid 
nearest the film. Use extension cylinder cone or a mastoid board. A lead rubber 
sheeting with one round hole can be used for masking. Tape ears forward so they do 
not cover the delicate air cells of the mastoids. Patient suspends breathing during 
the exposure. ID is at the top. Get the right markers on the film. Measure through 
the CR, 
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ANTERIOR-POSTERIOR VIEW OF THE MASTOIDS 


Use an 8 x 10 cassette crosswise. Lead masks are used. Take both mastoids. 
Place the patient in the supine position. The median plane of the head is rotated 30 
degrees, with the affected mastoid beingturned up. The tipof the mastoid is centered 
to the center of the film. The central ray is angled 17 degrees toward the feet. It 
enters a point one-half inch above the EAM and comes out at the base of the mastoid 
process. Burn in the ID at the topof the film. Suspend patient's breathing during the 
exposure, Measure through the central ray. 


POSTERIOR-ANTERIOR VIEW OF THE’ STOIDS 


Use an 8 x 10 cassette crosswise. Lead masks are used. Take both mastoids. 
Place the patient in the prone position. The head rests on the forehead, nose and 
cheek, Center the film to the EAM nearest the film. The central ray is angled 10 
degrees toward the head. It enters the EOP and comes out at the top of the mastoid 
process. The median plane of the head is angled 45 degrees to the film. The patient 
suspends breathing during the exposure. Burn the ID in at the top of the film. Mea- 
sure through the central ray. 


THE MANDIBLE 


LATERAL VIEW OF THE MANDIBLE 


Usean 8 x 10 cassette placed crosswise on the table. The patient is prone. The 
film is built on the angle board or sandbags so that bottom edge of the cassette is 
angled 15 degrees from the table. The patient extends his chin and places the angle 
of the mandible over the raised edge of the film so it is in the center. The median 
plane of the head is rotated about 15 degrees toward the face, The central ray is 
angled 15 degrees toward the head. It enters the part two inches below the angle of 
the mandible away from the film and comes out through the body of the mandible next 
to the film. The patient suspends respiration during the exposure. The ID is either 
burned in if acone field is used, oron the face side of the film. Measure through the 
central ray. (This examination can be made in the erect position in instances where 
there is a great deal of pain or the pressure of lying on the part would cause pain. ) 
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POSTERIOR-ANTERIOR VIEW OF THE MANDIBLE 


Use an 8 x 10 cassette placed lengthwise in a vertical cassette holder. Two 
exposures are taken - one with the mouth closed and one with mouth open. The pa- 
tient is in the PA erect position. The nose and forehead are against the film. The 
median plane of the skull is perpendicular tothe film. The central ray is directed 
horizontally to the center of the film, The mental symphysis of the mandible is cen- 
tered to the center of the film. Patient suspends breathing during exposure. The ID 
goes on the side. Measure the central ray. 


THE TEMPOROMANDIBULAR ARTICULATION 


LATERAL TRANSCRANIAL VIEW OF THE TEMPOROMANDIBULAR ARTICULATION 


Use an 8 x 10 cassette placed crosswise. Lead masks are used because two 
views are required in this examination - one with the mouth open and one with the 
mouth closed. Some clinics will require that botharticulations be taken for compari- 
son. The patient assumes the basic position of the lateral skull position. The EAM 
is centered to the center of the film. The central ray is directed at an angle of 30 
degrees toward the feet. It enters a point three inches above the EAM and comes out 
through the joint next to the film. The patient suspends breathing during the exposure. 
The ID is burned in at the top. Measure the central ray. (The degree of angulation 
used for this projection is varied. You may use, in various clinics, 20, 25, 30, 33 
or 35 degrees. ) 


LATERAL TRANSFACIAL VIEW OF THE TEMPOROMANDIBULAR ARTICULATION 


Use same film and method as for transcranial view. The patient is placed in 
the supine position with the head in a lateral position. The EAM is centered to the 
center of the film. The central ray is directed 25 degrees toward the head. It enters 
below the angle of the mandible above the film and comes out through the joint on the 
film. 
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THE PETROUS PYRAMIDS 


STENVER'S POSITION (Posterior-anterior Oblique) 


Use an 8 x 10 cassette placed lengthwise, or crosswise if two views are placed 
on the same film. Some clinics will require that both sides be taken for comparison. 
The patient is placed in the prone position. The head is rotated so the forehead, nose 
and cheek rest on the film or table. The median plane of the head is at an angle of 
45 degrees to the table or film. The chin is pulled to the chest to place the orbito- 
meatal line in line with the crosswise plane of the film. The affected side is placed 
nearest the film. The film is centered to a point one inch anterior to the EAM. The 
central ray is perpendicular to the film. It enters the EOP and comes out through 
the petrous pyramids. The patient suspends breathing during the exposure. The ID 
is burned inifa cone is usedand placed on the side if nocone isused. Measure through 
the central ray. The central ray is angled in some clinics. It can be 10, 12, or 15 
degrees toward the head. 


MAYER'S POSITION OF THE PETROUS PYRAMIDS 


Use an 8 x 10 cassette placed lengthwise. The patient is in a supine position. 
The head is rotated so the median plane is at an angle of 45 degrees to the film. Tape 
the ear forward. Pull the chin down to the chest so the orbitomeatal line is on the 
same plane as the crosswise plane of the film. The central ray is angled 45 degrees 
toward the feet. It enters the top side of the head and comes out at the EAM next to 
the film. The film is centered to the EAM nearest the film. The petrous pyramid 
nearest the film is the one that will be demonstrated. There will be a great deal of 
distortion in this view so study your radiographs to be sure which structures will be 
seen on your film. (Both sides are usually taken for comparison). 


THE ZYGOMATIC ARCHES 


MENTOFRONTAL POSITION OF THE ZYGOMATIC ARCHES 


Usean 8 x 10 cassette placed crosswise on the table. The patient is in the supine 
position. The median plane of the head is perpendicular to the table. The chin is 
extended slightly back so the plane of the face is angled. The film is placed at the 
top of the head and held in position by placing sandbags behind it. The head can be 
placed on a sandbag to raise it so the zygomatic arches are centered on the film. The 
central ray is directed at right angles to the orbitomeatal line. It will enter the head 
on the median line midway between the angles of the mandible and the mandibular 
symphysis. The patient suspends breathing during the exposure, The ID is placed 
on the side. Measure through the central ray. 
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ANTERIOR-POSTERIOR OBLIQUE VIEW OF THE ZYGOMATIC ARCHES 


Use a 10x 12 cassette placed lengthwise. The patient is in a supine position 
on the table. The median plane of the head is perpendicular to the table. The chin 
is pulled down on the chest until the orbitomeatal line is vertical tothe film. The 
central ray is directed at an angle of 30 degrees toward the feet. It enters the gla- 
bella and comes out at the angles of the mandible, Center your film to coincide with 
the central ray. Have the patient suspend breathing during the exposure. Place your 
ID on the side near the top edge. Measure your central ray. 


THE STYLOID PROCESS 


ANTERIOR-POSTERIOR VIEW OF THE STYLOID PROCESSES 


Use an 8 x 10 cassette placed lengthwise. Place the patient in the supine posi- 
tion. Place the film in an angleboard or build the film up with sandbags so it is at an 
angle of 15 degrees from the table. Center the EAM to the center of the film. Ex- 
tend the chin until a line from the acanthion to the EAM is perpendicular to the film. 
The central ray is directed perpendicular to the EAM. Have the patient open his mouth 
as wide as possible to remove the mandible from the styloid processes. Have patient 
suspend breathing during the exposure. Burn your ID in at the top if a cone is used 
or place on side if not. Measure your central ray. 


THE OPTIC FORAMEN 


OBLIQUE POSTERIOR-ANTERIOR VIEW OF THE OPTIC FORAMEN 


Use an 8 x 10 cassette lengthwise. Place the patient in the prone position. The 
median plane of the head is rotated to an angle of 45 degrees tothe film. The orbit 
is centered to the center of the film. The central ray is directed perpendicular to 
the film. It will enter the back of the head at the level of the orbit and come out the 
orbit. The patient suspends his breathing during the exposure. The ID is burned in 
if a cone is used or on the side if not. The angulation of the central ray will depend 
on the type of skull that you find. The average or mesocephalic head will use 45 de- 
grees, the brachycephalic about 53 degrees and the dochliocephalic about 33 degrees. 
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THE SELLA TURCICA 


OBLIQUE POSTERIOR-ANTERIOR VIEW OF THE SELLA TURCICA 


Use an 8 x 10 cassette placed lengthwise. The patient assumes the routine PA 
position for the skull. The orbitomeatal lineis perpendicular to the film. The central 
ray is directed at an angle of 25 degrees toward the head. It enters the back of the 
neck and base of the head and comes out two inches above the nasion. The film is 
centered to coincide with the central ray. The patient suspends breathing during the 
exposure. The ID is burned in at thetop if acone is usedand on the side if not. Mea- 
sure the central ray. 


LATERAL VIEW OF THE SELLA TURCICA 


Use an 8 x 10 cassette placed lengthwise. The lateral view of the sella turcica 
is obtained from a lateral view or position of the skull. A cone is used directly over 
the entering point of the central ray. 


THE NOSE 


SUPERIOR-INFERIOR VIEW OF THE NOSE 


Use an occlusal film. The patient is seated erect. The film is placed in the 
patient's mouth with enough left out to get all the nose on it. The median plane of the 
head is perpendicular to the film. The chin is extended and supported by sandbags or 
other supporting material so it doesn't drop or sag. Thecentral ray is directed per- 
pendicular to the film, It will pass just in front of the glabellaand nasion. ID on tape 
placed in most convenient place. Patient suspends respiration during exposure. Mea- 
sure through central ray. 
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LATERAL VIEW OF THE NOSE 


Use anocclusal film. Place the head in the lateral position. Take the film and 
place it so that it is under the side of the nose. You can use sandbags or blocks to 
help support itor have the patient hold it with a fist. Be sure that you have it as close 
to the internal canthus as possible, but don't cause the patient discomfort by forcing 
a sharp edge into position. Direct the central ray perpendicular to the film. It enters 
the lateral surface of the nose in the center. Patient suspends breathing during ex- 
posure. ID in most convenient place. Measure through central ray. (Usually both 
sides are taken in a lateral view). 


THE FACIAL BONES 


The facial bones can be demonstrated by using the Water's position for the para- 
nasal sinuses without the cone. 


THE CHEST 


POSTERIOR-ANTERIOR VIEW OF THE CHEST 


Usea 14x 17 cassette placed lengthwise. The views of the chest are taken from 
72 inches. The patient is in an erect position. The median plane of the body is cen- 
tered to the center of the film. The hands are placed at the small of the back and 
then the shoulders and elbows are rolled forward. This removes the scapulas from 
the lung fields. The film is positioned so the upper border of the film is two inches 
above the top of the shoulder, The centralray is directed horizontally to the level of 
the sixth thoracic vertebra. It is at the nipple line on males. On females you will 
use the fold of the axilla to locate the level of the sixth thoracic vertebra. The patient 
suspends his breathing after FULL INHALATION during the exposure. ID is placed 
above the right shoulder. The part is measured with the patient's chest in full inha- 
lation. Measure through thecentral ray. (Womenwith large breasts sometimes will 
be required to place them to the side so that the density of the chest is evened. Gen- 
erally the lower lung fields will be of less density than the upper fields because of the 
female breasts. ) 
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LATERAL VIEW OF THE CHEST 


Usea 14x 17 cassette placed lengthwise. The patient assumes the lateral erect 
position. The mid-axillary plane of the body is centered to the center of the film. 
The arms are folded over the head. The film is positioned so the upper edge is two 
inches above the shoulder in the normal position. The central ray is directed to the 
mid-axillary plane at the level of the sixth thoracic vertebra. The patient suspends 
his breathing AFTER FULL INHALATION during the exposure. The ID is placed on 
the top anterior side of the film. Measure through the central ray and during full 
inhalation. 


RIGHT ANTERIOR OBLIQUE VIEW OF THE CHEST 


Usea 14x 17 cassette placed lengthwise. Use the same basic procedures as 
described in the PA position of the chest, but rotate the body so the right anterior 
chest wall is against the film. The body is rotated 45 degrees. The arm toward the 
tube is over the head and the other placed alongside the body. 


LEFT ANTERIOR OBLIQUE VIEW OF THE CHEST 


Use a 14x 17 cassette placed lengthwise. Use the same basic position as des- 
cribed in the PA position of the chest, but rotate the body so the left anterior chest 
wall is against the film. The body is rotated 55 degrees. Arms in the same position 
as the right anterior oblique. (The amount of body rotation required is varied in clin- 
ics. The right anterior oblique from 45 to 55 degrees, the left anterior oblique from 
55 to 70 degrees. Remember to use RAO or LAO side markers on your ID tapes. 
There is a great deal of confusion when this is forgotten). 
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LORDOTIC VIEW OF THE CHEST 


Use a 14x17 cassette placed lengthwise. This position is used to show the 
apices of the lungs. Remember that this area of the chest is denser than the others 
and correct technique is required to demonstrate them adequately. The patient is 
placed in an erect anterior-posterior position before the cassette holder. The patient 
is instructed to place his hands on his hips and keeping his shoulders and back of his 
neck against the film, walking forward as far as possible. This will lower his chest 
to a horizontal plane. The central ray is directed horizontally. It will. enter at the 
level of the nipple line and come out through the top of the apices. The exposure is 
made with the patient's breathing suspended after FULL INHALATION. The ID goes 
over the right shoulder. Measure through the central ray. (This is a difficult posi- 
tion for weak patients so speed is essential). 


THE ABDOMEN (KVB) 


ANTERIOR-POSTERIOR VIEW OF THE ABDOMEN 


Use a 14x 17 cassette placed lengthwise in a bucky tray. The patient is placed 
in the supine position. The median plane of the body is centered to the center of the 
table. The film is positioned so the lower border is at the level of the symphysis 
pubis. The central ray is directed to the center of the film. The ID is placed on one 
side. The patient suspends breathing after inhalation during exposure. Measure 
through the central ray. 
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6-76 
WORK PROBLEMS 
1. Keep a log book during your OJT training of the various number of parts you have 
taken, what positions you have used, and remarks as to what was inaccurate and 
needed correction. 
For example: 
Date Part Positions Used Correction 


2/7/57 Hand PA and Obl. Film $A-2476 
Obl. not sufficient 


Week ending 3 October 57 to 7 October 57 
HMAOG 66 i-ess 6k oo RRS 10 
Chest @eeee0oee¢ees288e8¢?8ees 8 8 8 @ 37 
Ankle eeoeseeoeeaoeseesee?s¢ese¢e#se8esese#e@ 3 
Abdomen ...ccccccccccece 2 
In this manner you can present to your supervisor a concrete example of the 
procedures you have actually been able to do. Also the number of each type will in- 
dicate how proficient you can be expected to be on that examination. If you only per- 
form an examination once you will not have had the experience to apply variations 


when they are necessary. 


2. Have supervisor show you some films of parts in various positions and see how 
well you can identify them. 





10. 
11. 
12. 
13. 
14, 
15. 
16. 
17. 
18. 
19. 


20. 


21. 
22. 


23. 


24. 
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QUESTIONS 


Explain the tube-part-film principle. 
Explain why the central ray is the ray used for centering. 
Name five articles used to help immobilize your positions. 


Name four things that could cause motion. 


. Why is the injured side always placed next to the film? 


Why should you drape a patient ? 

What determines whether a part is placed on a film crosswise or lengthwise ? 
Why is centering of the part to the film necessary? 

What is meant by "leading off"' ? 

Explain what view, projection and position mean to an X-ray technician. 
What are the four basic positions used in examinations of the body? 

Why should you take two views at right angles to each other whenever possible? 
Explain why angulation of the tube is sometimes necessary. 

Explain why the body is sometimes rotated. 

Why is film identification so important? 

What does oblique anterior-posterior mean? 

What would the term fronto-occipital mean? 

What does the name Stenver's call to your mind? 

What are the basic body positions ? 


Explain or demonstrate what is meant by: supination, pronation, adduction, 
abduction, flexion, extension, inversion and eversion. 


Name some body landmarks you can see. 
Name some body landmarks you can feel. 


Name some body landmarks you can find by relating them to one or more 
other structures, 


Where does the stomach of a hypersthenic type person lay? What type of lung 
fields would you find in a hyposthenic person? 
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25. What is a routine position? 


26. How do you determine what size and how many films you will need for an 
examination ? 


27. What is meant by "measure through the central ray"? 


28. Name the positions that you would use to demonstrate the following structures. 


a. 


m. 


Qn. 


Hand 

Navicular 

Radial styloid process 
Olecranon process 

Glenoid fossa 
Acromioclavicular articulation 
Foot 

Lateral malleolus 

Tibial tuberosity 
Intercondyloid fossa 

Lower two-thirds of the femur 
Neck of the femur 


Obturator foramen 


Symphysis pubis 


o. Sacral foramen 

p. Lumbrosacral joint 

q. Sacro-iliac joint 

r. Third lumbar vertebra 
s. Sixth thoracic vertebra 
t. Fourth cervical vertebra 
u. Intervertebral foramina 
v. Body of the sternum 

w. Seventh rib 

x. Eleventh rib 

y. Frontal bone 

z. Occipital bone 


aa. Sphenoid sinus 


29. Name the positions that you would use to demonstrate the following structures. 


ae 


b. 


c. Temporomandicular articulations 


d. 


f. 


Petrous pyramids 


Zygomatic arches 


Styloid processes of the temporal bone 


Mastoids 


Nasal bones 


g. Vomer bone 
h. Mandible 

i. Sella turcica 
j. Optic foramen 
k, Heart 


1. Lung 
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30. Select the structures below that require tube angulation, 


a. Elbow h. Frontal bone 

b. Leg i. Maxillary sinuses 
c. Foot j. Cervical spine 

d. Wrist k. Humerus 

e. Hip 1. Clavicle 

f. Pelvis m. Scapula 


g. Sacro-iliac joint n. Knee 
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Sa “What. dogs an X-ray t technician have to now about nur ates ? And 1 just what ia. 
‘nur eae 3 . ; 


‘Husaing 3 ia the CARE given to sick aad £ injuréa 7 Sean The purpose of aur sing ss 
‘te to maintain, promote and restore the patient to health. Nursing ia protecting the 





patient from contracting a new infection, reinfection or a new condition, Nas ane AG : 


aaniating in. the cure of a PAGES disease ar eondition, : 


The Xray. techaletan is seupousible for the aacuite care of the. patient, when he ee 


is in contact with the patient, He helps, as do ali the doctors, nurses,’ ad, medical 3 
apRenlata in Paaintaintag : promoting 3 mae: Festoring the patient. to peeith, Bees : 





Now, how does he ac all ‘of this? He jearns hase to talk to sick = isjared pas 3 

tients of all ages, races and creeds so they will know he is friendly, aympathetics . 

assuring, EFFICIENT, calm, selfi-controlied, soft-spokenand INTERESTED ALW ess: 
He knows sterile and aseptic technique, how to handle, move or Ligt a ‘patient with - a 





out adding injury, and becomes farniliar with injection methods and isolation tech miques. 
_. ‘He assists in the cure of patients by performing all authorised and necessary | exami-- 





mations yequested py the doctor. To ao: this he must know how to prepare the. patient * 
what anananey is to be used and what his aati duties Bes. m 


Although the M-ray clinic is not. s boupeear wand iting an otegral vert of the hoe~. eds ieee 


ek aga b wnols. itt. should be cheerful and, Apert ng of ROR ig Lge nt 


mH: X-RAY TECHNICIAN 


“Ie shoul? zo without aaplne that ao X-ray: technician should be clean. A patient's e 


. canes. ola poogtel isa glace, of Sete lens ‘Gleasliness, He thinks of it as white pees 
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and germless, An X-ray technician who is not an example of this cleanliness will 
provide the patient with a shadow of doubt as to the type of care he is going to receive. 


Personal hygiene is not difficult once you establish the habit. In the clinic you 
should have some means of keeping your hands washed. Your clothing should be pro- 
tected from solutions as much as possible. Many hospital uniforms or "whites" are 
stained with various materials and unless they are seen to be clean should never be 
worn. Hospital whites that are torn should not be worn. Just remember that it is 
YOU who will be wearing them and it isup to YOU to present the best appearance pos- 
sible. If youreceive clothes which aretorn, it is up to you to see that they are mend- 
ed or exchanged. Not only have you personal pride, but you have a hospital respon- 
sibility. YOU WILL NEVER HAVEAN EXCUSE FOR APPEARING SLOPPY BEFORE 
YOUR PATIENTS. When others donot set the example it does not relieve you of the 
responsibility. Always keep spare clothing close at hand. 


THE CLINIC 


An X-ray ciinic will reflect the type of technicians in it. One of the most ardu- 
ous tasks asked of an airman is to "clean" something. Somewhere in the make-up of 
man there is an aversion to mops and water. It isa natural feeling of the adolescent 
boy to wonder at the necessity of cleanliness. You are no longer a boy and you no 
longer have to wonder about the necessity of cleanliness. You may still possess the 
aversionto the mop, but ina hospital you donot HESITATE touse the mop. You keep 
things neat and orderly at all times, 


Many technicians fail to properly clean their cassettes. The bakelite front of 
a cassette will show fingerprints, skin oil andother matter. Toa patient these marks 
are displeasing. The cassette should be cleaned prior to each procedure or covered 
witha towel or napkin whenthe patientis tocomein contact withit. This is absolutely 
necessary when contamination may have occurred. Cardboard holders that have been 
spattered with blood or body fluids should be covered with anapkin or destroyed. No 
one would care to place a part of his body on a dirty piece of equipment. You must 
think as your patient would think about such practices. The bakelite surface of your 
table is to be considered in the same light. Keep the surface clean by wiping it with 
a damp cloth and then with an alcohol sponge. Although this may take a second or 
two, you will never be so busy that you JUST CANNOT doit. You are there to pro- 
tect yourself and the patients from infection, reinfection, or a ''plain revoltin' devel- 
opment". 


By having a place for everything and keeping everything in its place, you will 
not have a great deal to take care of when you end the day. Equipment will not be 
strung all over when you need it. Clean your equipment after each use and you will 
be ready to use it for the next patient. 


ETHICS IN EXAMINING FEMALE PATIENTS 


At no time will a technician perform examinations on female patients unless 
there is a female technician, friend or nurse present in the room, unless otherwise 
directed by the doctor. Unnecessary exposure of the female body is to be avoided at 
all times. When there is a female technician in the clinic, she will take care of all 
female patients. 


HANDLING AND MOVING SICK AND INJURED PATIENTS 


In the X-ray clinic you will be required to do a great deal of moving and hand- 
ling of your patient. It is the poor X-ray technician who knocks, pushes and pulls 
without purpose, Not only is it hazardous to the patient's physical and mental wel- 
fare, but the technician is generally quite fatigued after a 100-patient day. The tech- 
nician who knows how to lift and move a patient saves both his own strength and that 
of the patient. He also will lessen the chance of adding further injury to the patient. 


You will use these lifting and moving techniques a great deal in positioning your 
patient in the clinic as well as when doing bedside examinations. 


Your patients will come to you in wheel chairs, stretchers and cumbersome 
casts. You wijl be required tomove patients up and downyour radiographic table and 
from side to side on it. You will have to place patients in sitting positions in their 
beds or roll them up to place a film beneath them. You will have to take patients 
from stretchers and place them on your table. Removing and replacing patients into 


wheel chairs is a frequent task. All of these things, plus changing your patient's 
positions from AP to PA or lateral, will call for knowledge of lifting and moving. 


PRINCIPLES OF MOVING OR LIFTING 


@ Place your body in the correct position before moving or lifting. 


@ Place your feet far enough apart to maintain proper balance and provide 
a basis of support. 


@ Hold the patient or part as close to your body as possible to eliminate all 
unnecessary strain by centralizing total weight within your grasp. 


Stoop to working level and keep the back straight. 
Slide, rather than lift, whenever possible. 


When a patient is too heavy for you to move alone, get help. 


When two or more persons are moving or lifting, give a signal and move 
or lift in unison, 


TECHNIQUES OF MOVING OR LIFTING 


@ Preparation of the patient: When you are going to move or lift a patient, 
tell him exactly what you are. going to doand how he can help you. Have 
any equipment that youneed in place. If itis a stretcher, surgical cart, 
or awheelchair, make sure someone holds it steady, both whenyou place 
the patient onand when youtake him off. If the patient is draped, arrange 
the draping so the patient remains covered during the transfer. 


@ Correct position for moving: Face the direction in which you are going 
to move the patient. Place one foot well forward of the other. Stoop to 
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working level by flexing the knees, but keep the back straight. Put your 
arms under the patient and hold your elbows close to your body. Move 
or lift the patient by shifting your own weight from one foot to the other. 


To move the patient toward you: With the patient resting on your arms, 
slide your arms on the bed or tableand shift your weight from your front 


foot to your rear foot. 


To move the patient away from you: With the patient resting on your 


arms, slide your arms on the bed or tableand shift your weight from the 
rear foot to the front foot. 


To lift the patient up: Flex your knees and place your arms under the 
patient. Keep your elbows close to your body and straighten your knees 
so that there is equal weight on both feet. 


To let a patient down: Keep your elbows close to your body and flex your 
knees. Equal weight should be on both feet. 


Moving patient up or down table: A sheet should be placed on the table 


before the patient is removed from acart or chair. With a sheet you can 
slide the patient upor down or toeither sideof the table. Trying to slide 
moist skin overa radiographic table isn't a good procedure. Stand in the 
correct position on the side or end that you want the patient moved. Grasp 
the sheet close to the body and shift your weight from your front foot to 
the rear foot. This method will allow you to make fine adjustments to 
your position without strain or over-exertion on the part of the patient. 


Helping the patient to sit up: Stand in the proper position on the side of 
the bed or table. Put your near arm under the patient's near shoulder. 


Have the patient do the same thing to you. Place your other arm behind 
the patient's headand shoulders. Raise the patient by shifting weight from 
front to rear foot. 


Turning a patient on side: Place your patient's knees in a flexed position. 
Put your hands on the patient's far shoulder and hip and roll him toward 
you gently by shifting weight from your front foot to the rear foot. If he 
is on a sheet in the radiographic room, youcan then pull him to the center 
of the table with the sheet in the manner previously described. 


Turning patient from his back to his stomach on the table: In some 
examinations you will haveto take one film inan AP and another in a PA. 


You will also need to remember that you will generally be using the cen- 
ter line on the table. Take the sheet as explained previously and draw the 
patient to one side of the table. Then move him into the lateral position 
as described. Extend his legs out. Place his upper armacross the front 
of his body to his shoulder so that you can reach his hand from behind. 
Gently pull this hand and arm toward you while keeping your other arm 
under the chest area. Shift your weight from the front foot to the rear 
foot. Two persons are sometimes necessary to turn a patient from his 
back to his stomach. 


@ Helping patient to sit on side of table or bed: Turn the patient on his side 
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as described. Put one arm under the shoulder and the other behind his 
knees with your hand under the lower thigh. Havethe patient put his hands 
around your neck and on your shoulder. Slowly straighten your knees by 
shifting your weight from the front foot to the rear foot and bring the pa- 
tient into a sitting position. Let him place both hands on your shoulders 
until he gets accustomed to the position. 


@ Placing a patient into a wheelchair from the table or bed: Bring the pa- 
tient into a sitting position as described. Place the chair parallel to the 


bed or table and be sure it is steady. Dress the patient in his coat or 
robe and his slippers. Have the patient place his hands on your shoulders. 
Put your hands on the patient's sides between the axilla and the hip. Hold 
onto the patient and let him slide off the bed and standon thefloor. Pivot 
with the patient and lower him into the chair by flexing your knees and 
shifting your weight from the front to the rear foot. The same procedure 

is done when you remove him from the chair to put him on the table. 


@ Movinga patient from a stretcher toa table: Placethe cartat right angles 


to the table if possible. Three men are necessary fora helpless patient. 
They all form on one side of the cart in the proper position with their 
knees flexed. One man places his arm under the patient's shoulders, 
supporting the head in the crook of his elbow. The other arm is placed 
ander the patient's back. The second man places his arms under the 
patient's back and thighs. The third man places his arms under the pa- 
tient's thighs and calves. Ata signal they slide the patient to the side of 
the bed. Adjusting their position again they lift the patient together by 
straightening out their knees. They turn and place the patient onto the, 
table. The same technique is used to remove the patient from the table. 
When a radiographic room is too small to bring the cart into the room or 
allow it to be placed at right angles to the table, the most feasible modi- 
fication must be made. 


@ How to movean injured arm or leg: Put both hands under the joints above 
and below the injury. Raise it slowly and gently. <A pillow should be used 
to support the arm or leg. It should be large enough to support the whole 
limb. Place the hand or toes slightly higher than the rest of the extremity. 


BEDSORES 


Patients whoare prone to develop bedsores are those who have had a prolonged 
illness. Bedsores are caused by poor circulation due to pressure. The areas that 
become involvedare elbow, occiput, upper vertebral border of scapula, lumbar spinous 
processes, anterior and posterior superior iliac spines, greater trochanters, ischial 
tuberosity, sacrum and heels. Bedsores are also common to patients whoare para- 
lyzed, have been unconscious for a length of time, are cardiac cases, or have been 
in casts, splints, or in traction. 


Gentle movement is necessary with these patients. Care is necessary when you 
move them by placing your arms away from these areas. 
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INJECTION METHODS 


In X-ray you should know how to prepare and perform injections. Although you 
will not bein the "shot line" itis important that you know the correct methods of using 
certain drugs, syringes and needles. In some clinics you will be expected to prepare 
your own injection trays, sterilize your equipment, and prepare your patient to re- 
ceive injections, 


Most of the injections that aredonein X-ray are those used to introduce various 
types of contrast media into the system. You will learn more about contrast media 
in a later chapter. 


METHODS OF INJECTION 


There are five means of injecting substances into the body. These methods are 
selected with definite purposes. 


INTRADERMAL. This term means injection into the skin. The injection is 
made in the superficial layers of the skin. In X-ray this method is used to test for 
allergic reaction to various contrast media. 


SUBCUTANEOUS. Theterm subcutaneous means injection under the skin. This 
method is used to administer immunizations, sedatives, or, as in X-ray, drugs that 
will counter reactions to contrast media. 


INTRAMUSCULAR, This term applies to injection into the muscle. This type 
of injection is not used much in the X-ray clinic. It is primarily used for drugs not 
suitable for intravenous injection. 


INTRAVENOUS, This is an injection into the vein. This type of injection is 
used extensively in the X-ray clinic. However, a technician DOES NOT give these 
injections, This is a doctor's responsibility. There may be an emergency situation 
where you will give an intravenous injection, but it will be an extreme emergency. 


INTRASPINAL, This isaninjectionintothe spinal canal. In X-ray this method 
is used to introduce contrast media into the spinal space. Asa technician you will 
NEVER attempt to perform an intraspinal injection. 


SYRINGES AND NEEDLES 


TYPES OF SYRINGES. Syringes are instruments used to hold the material to 
be injected. They are composed of a barrel and aplunger. Syringes must always be 
sterile. A syringe should be large enough to hold the required amount of media. 
Syringes are always handled with aseptic technique. 


@ Tuberculin syringe: 1 cc in capacity - scaled in 1/10 of acc. It isused 
for very small dosages when fractions of a cc ora small number of minims 


(a drop or one sixtieth of a fluidram) are required. 


@ 2cc syringe: 2 cc capacity - scaled in minimsand 1/2 cc. Used for in- 
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jections of 2 cc or less. 


@ 10cc syringe: 10 cc capacity - scaled in 2/10 cc, Used for injections 
of 5 to 10 cc. 


@ 20 cc syringe: 20 cc capacity - scaled in cc. Used for injections of 10 
to 20 cc. 


@ 30 cc syringe: 30 cc capacity - scaled in cc. Used for injections of 20 
to 30 cc. 


@ 50 cc. syringe: 50 cc capacity - scaled in cc. Used for injections of 20 
to 50 cc. | 


@ Luer Lock Syringe: A syringe that has a lock built in to hold the needle. 
It can be of the various sizes mentioned. 


Syringes are identified by a number imprinted both on the barrel and on the 
plunger. This helps you to find the right plunger and barrel for each syringe when 
they are separated. 


TYPES OF NEEDLES. Needles are measured by their gauge. This gauge is 
the diameter of the opening in the needle. The smaller the gauge number the larger 
the opening and length of the needle. 


Intradermal needie: 25 gauge x 1/2 inch in length. 
Subcutaneous needle: 23 gauge x 3/4 inch in length. 
‘Intramuscular needle: Deltoid - 23 gauge x 3/4 inch in length. 
Gluteal - 21 gauge x 1-1/4 inch in length. 
Intravenous needle: 21 gauge x 1 inch. 
19 gauge x 2 inches. 
Intraspinal needle: Lumbar puncture needle - 7 inches in length. 

CARE OF SYRINGES AND NEEDLES, All syringes and needles must be sterile 
before they areused. You will usea syringe and needle forone injection only. After 
each injection the syringe and needle will be rinsed with water and resterilized. 

Generally, you will rinse the syringes and take them to central supply where 
they will be properly sterilized in an autoclave. If you are in a facility that has a 
central supply you will know that it is the center for preparation of the various tray 
set-ups required in the hospital. Anautoclaveis a device which sterilizes equipment 
with steam under pressure. It is the recommended type for sterilization. 

If you do not have acentral supply and are required to sterilize your own equip- 
ment, boil the syringes and needles for AT LEAST twenty minutes in your individual 


sterilizer. Be careful that you donot forget to put distilled water in your sterilizer, 
or let your water boil away. If the water boils away, the sterilizer may be ruined. 


Check needles for barbs by drawing needle across your finger or gauze strip. 
If it snags, there is a hook. You should obtain an emery stone to use in filing down 


such hooks. 


PREPARATIONS FOR INJECTIONS 


A basic injection tray is usually set up in a clinic. It will have a sterile jar of 
2x2 or 4x 4 alcohol-soaked gause pads or cotton, a container for 70 per cent alco- 
hol, forceps, Petri dish of various size sterile needles, container for sterile syrin- 
ges of various sizes, and the bottle ox ampule of material you are going to inject. 


PRECAUTIONS 


1. 


Ze 
3. 
4, 


5. 


Always use sterile techniques in the preparation and administration of 
injections. 


If syringes have been in alcohol, rinse with sterile water. 
Match numbers of syringe barrel and plunger. 
Test needle for hooks or barbs on alcohol cotton or gauze. 


Be sure to use a separate syringe for each injection. 


PREPARATION OF SYRINGE AND NEEDLE 


1. 


2. 


3. 


4. 


Using the forceps that are kept in the container of alcohol, remove syr- 
inge barrel from container or pack. 


With the forceps pick up plunger with the same number as barrel and, 
while holding barrel with thumb and index finger on the outside, insert 
it into the barrel. 


With the forceps, pick up the size needle that you are going to use and 
attach it to the syringe. 


Tighten the needle but do not touch the needle itself. 


PREPARATION OF INJECTION FROM A BOTTLE 


Use forceps and remove alcohol pad from container, 
Swab the rubber stopper on the bottle with.the alcohol sponge. 
Assemble your syringe and needle as above. 


Draw back the plunger of your syringe to the amount of solution you want 
to put into the syringe. 


Insert the needle into the rubber stopper of the bottle and push in the plung- 
er. This isnecessary to prevent a vacuum that would make it difficult to 
get your solution out of the bottle. 


6. 


7. 
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Invert the bottle and pull back on the plunger until you have the desired 
amount of solution in your syringe. Keep the syringe at eye level to be 


certain that you have the correct amount. 


Withdraw the needle and cover it with another alcohol sponge. 


PREPARATION OF INJECTION FROM AN AMPULE 


I. 


Wipe the file that comes with the ampule with an alcohol sponge. 
Wipe the neck of the ampule. 


File the neck, then take an alcohol sponge and place over top. Break the 
neck at the file marks. 


Assemble syringe and needle as previously described. 
Tip the ampule to an angle of 45 degrees. 
Insert the needle in the ampule and withdraw desired amount of solution. 


Cover the needle with an alcohol sponge after it is withdrawn from the 


am pule, 


INTRADERMAL INJECTIONS 


I, 


Explain to the patient what you are going to do. 
Swab site of injection with alcohol sponge. 
Hold syringe upright and expel all air bubbles. 


Insert needle at an angle of 15 degrees, just under the skin, so thata 
raised area is seen. | 


Inject the prescribed amount. 


Cover the needle with an alcohol sponge and withdraw the needle. Have 
patient hold sponge over site until bleeding stops. 


SUBCUTANEOUS INJECTIONS 


I, 
2. 
3. 
4. 
5. 


6. 


Explain to the patient what you are going to do. 
Swab site of injection with an alcohol sponge. 
Hold syringe upright and expel air bubbles. 

Make a firm cushion of flesh at the injection site. 
Insert needle quickly at an angle of 45 degrees. 


Draw back plunger if no resistance is felt and check for blood in the 


7. 


8. 


syringe. If you gee no blood inject the solution slowly. 
Place an alcohol sponge over the needle and withdraw needle quickly. 


Massage site of injection with alcohol sponge for a moment. 


INTRAMUSCULAR INJECTIONS 


9. 


Explain the procedure to the patient. 


Swab site of injection with alcohol sponge. 


Hold syringe upright and expel the air bubbles. 


Make a firm cushion of flesh at the injection site. 
Insert the needle at an angle of 90 degrees. 


Draw back on the plunger to check for blood. If there is no blood, 
slowly inject the solution. 


Place an alcohol sponge over the needle and withdraw the needle quickly. 
Massage the site of the injection for a minute with an alcohol sponge. 


The site of injection is in the deltoid muscle or the’ upper right outer 
quadrant of the buttocks. 


INTRAVENOUS INJECTIONS 


Prepare solution as prescribed by doctor or manufacturer, 
Assemble the syringe and 19 gauge needle. 
Withdraw solutions from bottle or ampule as shown before. 


Take a tourniquet (usually a piece of rubber tubing) and the filled 
syringe to the patient. 


Select the injection site and place tourniquet under arm above the site of 
the injection. The usual site is the veins on theanterior surface of the 
elbow. 

Tighten the tourniquet. 

THE DOCTOR WILL INSERT NEEDLE, 

When you see blood in the syringe, remove the tourniquet. 


THE DOCTOR WILL INJECT THE SOLUTION. 


Place alcohol sponge over needle and doctor will withdraw the needle. 


ll. 


12. 
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Have the patient flex his arm, holding the alcohol sponge over injection 
site until bleeding has stopped. 


STRICT ASEPTIC TECHNIQUE IS EMPLOYED IN INTRAVENOUS 
INJECTIONS. 


INTRASPINAL INJECTIONS 


1, 


2. 


3. 


Explain the procedure to the patient. 
Assemble and set up equipment, 


Position patient in proper position: this position is with the patient turn- 
ed on his side near the edge of the table. The legs are flexed on the ab- 
domen with the head onthe chest. Shoulders and hips are in the same 
vertical plane. 


The doctor (or with prior instructions, the technician) paints the skin 
area with skin disinfectant. The doctor anesthetizes the lumbosacral 
region, He inserts the needle into the spinal canal, measures the pres- 
sure. with the manometer and collects specimens in the test tubes. 

The technician watches condition of patient (color, pulse, and respiration). 
Receive and label the specimens. 

Caution patients to remain FLAT IN BED FOR TWO HOURS OR MORE 


AFTER THE EXAMINATION, If they do not remain flat in bed, they 
may be subject to severe headaches. 


STERILE OR ASEPTIC TECHNIQUE 


The following facts are based on the major principle of surgical aseptic tech- 
nique that allarticles coming in direct or indirect contact witha wound MUST be ster- 
ile. Asan X-ray technician youare bound to follow this principle WITHOUT DIRECT 
SUPERVISION. | 


4. 


5. 


An article is either sterile or unsterile. There is no in-between. If any 
doubt exists, you must consider the article to be unsterile. 


Sterile articles must be kept covered until ready for use. 


Only the outside of the wrapper or cover is touched when opening a 
sterile package or container, 


A sterile article is handled with a sterile instrument or sterile gloves. 


Once an article is removed from a sterile container it is not returned 
to that container. 


6. When removing an article from the sterile container, use the forceps 
provided. Only that part of the container and that part of the forceps 
which is covered by disinfecting solution is considered sterile. Always 
hold the tip of the forceps downward. Remove the cover of container. 
Hold the cover in one hand. Remove the article with the forceps in the 
other hand. Replace the cover. If you must lay the cover down, turn 
it upside down on a flat surface. 


7. When a container becomes contaminated, dispose of it at once. If you 
cannot do it immediately, turn the cover to show it is contaminated. 


8. Avoid reaching over a sterile field. 


9. Edges of sterile towels are considered contaminated after contact with 
an unsterile surface. 


10. Keep instrument handles out of sterile fields. 


ll. Pour sterile solutions so there is no contact between the bottle and sides 
of the container. 


You must learn these principles and rules. Your patient cannot afford for you 
not to know them. It will take practice and caution to do these things. You will have 
to concentrate. Do not allow yourself to be interrupted when you are working within 
a sterile area. When you see someone violate these rules, tell him that he has con- 
taminated the equipment or field. Tact is necessary with rank, but do not hesitate 
to tell the person immediately. 


ISOLATION TECHNIQUE 


You may be called upon to do an examination in an isolation ward. You should 
be acquainted with the procedures for entering and leaving such a room. The purpose 
of an isolation room is to confine the disease to the patient and protect the people 
working with the patient and other patients. Again, you must follow the rules with- 
out direct supervision. 


EQUIPMENT 


Take all necessary equipment with you that youwill need. You should only have 
to enter the room once. Drapeyour machine with aclean sheet provided by the ward- 
man, Your cassette or film should be placed in aclean pillowcase. You should have 
the wardman or nurse available to help youand to answer any questions you may have 
on how to maintain the isolation technique. The source of trouble you will find in 
radiographing in isolation rooms is the decontamination of the cables and wheels of 
your portable unit. These should be wiped down with a disinfectant before being brought 
back to the clinic. With the film encased in the pillowcase it should be free from 
contamination. 


HANDWASHING TECHNIQUE 


Wherever possible use a sink with running water. Scrub the hands and fore- 
arms with soap and water. Be particularly careful to scrub around the fingers and 
- mails and let the water drain off your finger tips. Dry your hands with paper towels. 


Wash your hands before and after you remove a gown. Wash your hands before 
leaving a ward, going to meals or after each task. 


MASK TECHNIQUE 


Masks are washed, rolled and placed in a container and sterilized in an auto- 
clave. When a mask is used once it will be placed in a container for soiled masks. 
You can wear a mask until it becomes moist,.but once it is moist it is contaminated. 
Do not lay a mask down, but get rid of it immediately. 


Before putting on a mask wash your hands. With a pair of sterilized forceps, 
remove a mask from the container. Open the mask by pulling the strings. Place the 
mask over the nose and throat and tie it at the back of the head and neck. When you 
have finished with the mask, wash your hands again. Untie the mask and hold the 
string endsin your hand. Touching only the strings, drop your mask into a container 
for soiled masks and wash your hands again. 


GOWN TECHNIQUE 

The "discard'"' gown method is the one generally followed by X-ray technicians. 
You will use a clean gown each time it is necessary to enter an isolation room. You 
will also wear gloves when working with patients who have syphilitic rashes, small- 
pox, or when exposed to dressings of patients who have tetanus or gas gangrene. 

When using gloves, wash your hands. The gloves should be sterile. Put on the 
gloves before entering the room. When you have finished, wash the gloves under 
running water and dispose of them as directed by the wardman or nurse. 

What is the correct way to put on a gown? 


@ Wash you hands and put on a mask. 


@ With your palms together, slip your hands inside the gown and remove 
from the hook. 


@ Touching only the inside of the gown, work your arms and hands through 
the sleeves. 


Place the fingers inside the neck and draw the gown into place. 
Tie the gown at the neck in back. 


Gzaep tite Back edges of the gown and bring the center back. 


Lap the edges of the gown together in the back and hold flap in place. 


Grasp the end of the belt and with the free hand bring to the back. 
Bring the other belt end to the back. 
Tie belt in back tightly enough to keep flap in place. 


Shrug your shoulders once or twice to give room. 


Push your sleeves up to convenient working level if you wish. 

What is the proper way of taking a gown off? 
@ Untie the belt and push sleeve two inches above the contaminated level. 
@ Wash your hands and forearms without touching cuffs of gown. 


@ Place two fingers under cuff and pull sleeve down over hand without 
touching outside of gown. 


@ With hand inside the sleeve, draw the other sleeve down over the other 
hand. 


@ Slip out of the gown by working hands up to the shoulder seams of the 
gown. 


@ Keeping the hands inside, lift the gown off the shoulders. 


@ Fold the gown by bringing the palms of the hands together at the shoulder 
seams of the gown. | 


@ Turn contaminated side in so the inside of the gown is out and place it 
carefully into the receptacle used for discarded gowns. . 


@ Wash your hands again, 


ENEMAS 


Enemas are given in the X-ray clinic. The: technician uses the enema technique 
in the introduction of fluid into the colon to examine it. You should understand the 
procedure used togive enemas. Because a great deal of the success of an enema re- 
quires the cooperation of the patient, it is important that the technician explain very 
clearly what he is doing and what will happen to the patient during the examination. 
A frightened or uncooperative patient can produce unpleasant and dire results. 


There are two types of enemas which you will probably be required to perform. 
These are the cleansing enema and the barium enema. The difference is that the 
cleansing enema will remove all gas and feces that will interfere with the examination, 
and the barium enema is a retention type enema used to examine the colon. 


In most hospitals the patient is given a cleansing enema on the wards or is re- 
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quired to perform a cleansing enema at home. As part of the preparation foran ex- 
arninationinthe X-ray clinic, it is also donetwo tothree hours before the examination, 


EQUIPMENT 


All equipment to be used should be prepared and ready for use. You will need 
the following articles: 


@ Enema can 

@ Rubber tube - for a cleansing enema this tube is about 18 inches long. 
The tube used for an examination is about 6 feet long. A 
piece of glass tubing is placed in the lower third of the 
tubing so the flow of the solution can be checked. 


@ Clamp 


Rectal or Enema Tip The Air Force uses a disposable plastic tip in 
many clinics. If this item is not available 
sterilized enema tips will be used. 

Lubricating Jelly 

Curved Basin 


Rubber Cover Sheet 


Tongue Blade 


Toilet Tissue 


HOW TO PREPARE PATIENT AND EQUIPMENT 


The patient is informed of exactly what is going to happen to him. He is placed 
on his right or left side in the Sim's position. The Sim's position is a position with 
the patient on his stomach. One leg is flexed so that theanal area is exposed. He is 
told that his cooperation is necessary if the enema is to be successful. If the patient 
is tense, his muscles will not be relaxed and he will be subjected to cramps which 
will make it difficult to get the solution into the colon. He should be instructed to 
breathe deeply through his mouth to relieve the minor distress he will feel. Usually 
the patient will feel cramps as the solution enters and fills the colon. He should be 
assured that when he feels the cramps the injection of the fluid will be stopped until 
they are passed. 


The equipment is prepared by attaching the enema tip to the rubber tubing that 
leads from the enema can. The enema canis filled with solution and suspended from 
the enema standard. The solution is allowed to run through the tube and then clamp- 
ed. Take the tongue blade and place some lubricating jelly on the toilet tissue. With 
the toilet tissue lubricate the enema tip. Leave the tissue around thetip until youare 


ready for it, 
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Place the rubber sheeting under the patient's buttocks. The curved basin is 
put next to the anus. Open the clamp and allow a small amount of the solution to run 
into the basin so that all the air is expelled from the tube. 


ADMINISTRATION OF AN ENEMA 


When everything is in readiness, the patient is exposed. The upper buttock is 
raised and the anus located. The enema tip is inserted about 3 to 4 inches into the 
rectum. Hold the enema tip with the left hand. Whenever possible, allow the patient 
to insert the enematip. If a cleansing enema is being given, hold the can about 18 
inches above theanus,. Allow the solution to flow slowly. When the patient complains 
of discomfort ‘or cramps pinch the tubing for a few moments. This will allow the 
muscles to relax. Have the patient breathe deeply. When all the solution is gone or 
when the patient has taken all he feels he can hold, clamp the tube and remove the 
enema tip. 


If the patient has a relaxed anal sphincter, some deviceis necessary to enable 
him to retain the enema. This can be a special retention catheter or a roll of one- 
inch gauze can be placed over the enema tube before insertion and held against the 
anus by the patient. 


After the enema is given the patient is allowed to expel the enema if it isa 
cleansing enema. For an examination the patient is examined during the filling pro- 
cess and then allowed to expel the enema. You will learn more about the examination 
in a later chapter. 


One other thing should be Kept in mind. The solution should be warm. The 
temperature should be about 100° Fahrenheit for a cleansing enema, but only about 
85 to 90° for the examination enema. The temperature for the examination enema 
will inhibit natural peristaltic action in the colon and will allow the patient to retain 
the solution for a longer period of time. 


BEHIND AND AHEAD 


Youare now familiar with methods for moving and lifting patients, the necessary 
clinical appearance and atmosphere, and sterile technique. You know how to enter 
an isolation room and prepare and administeran enema. You will find that many re- 
lated fields will overlap into X-ray andas your experience increases you will under- 
stand many of the reasons why it is necessary to you to know something about them. 
Working in the wards and in the operating rooms will call for constant questioning 
and learning. The essence of learning is toquestion everything of which youare un- 
sure or don't know about. A person dealing with the sick and injured must know the 
answers. When youare incontact witha patient youare not just an X-ray technician, 
but the whole hospital. If youapply the knowledge that you have learned in this chap- 
ter your patient will know that you are giving him the care he deserves, and the best 
care he can get. 


Ahead of you will be a chapter on the procedures used in the darkroom. Up to 
this point you have been doing things with films. Now you must learn how to process 
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these films. Darkroom procedures will cover a number of different tasks that are 
involved in the areaof the darkroom. You will learn how todevelop films, the steps 
in processing, how to avoid distracting and misleading artifacts on film, how to load 
and unload films and hangers, how'to clean and test screens and why the darkroom 
means success or failure in your examination. 


WORK PROBLEMS 


1. Goto a ward room with one man and practice moving and lifting as given in the 
chapter. Also take some time and watch how the sick, very sick and severely 
injured patients react tomoving on theactual ward. Apply the principles of mov- 
ing and lifting in your own clinic until you can do them with ease. Any motion 
that you make which is clumsy will indicate that you are not moving with fore- 
thought. Train yourself to apply what you know and see how much faster and 
easier you can perform your examinations and how much more cooperation you 
receive from your patients. 


2. Goto the Outpatient Clinic where routine immunizations are given. Watch how 
each of the various types of injection methodsare done. After you have watched, 
ask one of the technicians to check you out and try a few for yourself. You'll 
never learn except by doing. Go to the laboratory and watch how the lab techni- 
cian withdraws blood. Note methods used to penetrate veins. Arrange to see spi- 
nal taps, either in your clinic or in the wards. 


3. If you do not have an isolation section in your facility, ask your supervisor to 
set up a mock isolation situation. Practice the isolation technique. If you do 
have an ‘isolation set-up, goto the ward and follow the wardman through his par- 
ticular routine. Practice until you can perform without error. 


4. Goto central supply and watch how-they prepareand sterilize the various packs. 
Try tohelp them so you can get the feel of sterile technique. Practice assembling 
needles and syringes and preparing injections until you have the procedures down 
complete. Check and recheck yourself for errors. 


5. Arrange to see and assist in performing enemas. These are done in the wards, 
your clinic and sometimes in the Outpatient Clinic. Practice assembling the pro- 
per equipment. Take special efforts to watch reactions of patients of various 
ages, sexes and conditions in regard to enemas. Learn the best techniques for 
relieving tension and what ethics must be practiced. | 


6. Check your appearance and when arriving at your clinic spend a few minutes 
dusting, arranging and wiping down your equipment, Prepare and organize for 
your day's work. Develop the habit of neatness and orderliness. 
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PREPARATION 


In many clinics the darkroom technician is assigned for a period of a week in 
the darkroom. He is responsible for developing and processing all the film exposed 
in the clinic. He is responsible for keeping the darkroom clean as he performs all 
the tasks that are a part of the darkroom procedures. 


Before the clinic begins business for the day the technician enters his dark- 
room. He will look about and make arrangements to prepare for the coming day. 


Unless there has been a night manon duty he will check the dryers and remove 
all of the film that had been taken on the previous day. These films will have the cor- 
ners cut and they will be matched to the proper request forms. He will check the 
temperature of his solutions in the developing tanks to see that they are at the proper 
temperature (Usually 68 degrees Fahrenheit). The developer solutions and the fixer 
solutions will be stirred with individual paddles. All available hangers will be re- 
placed in their proper racks. The level of the solutions will be checked and if they 
are low, brought back to the proper level with a replenisher solution. 


The technician will then turn out his white lights and check his film boxes to see 
that hehas sufficient film for theday. If his film supply is low he will get more. The 
darkroom lights will be checked for leaks. After all this has been done he will re- 
main in the room until his eyes have become adjusted. In many clinics the darkroom 
technician will wear a pair of darkroom goggles if he has to leave the room so he can 
keep his eyes adapted to the dark, 


So as you can see, the room must be prepared. By doing all of these things in 
advance you can be prepared to meet the coming day. When each step has become a 
habit that you repeat day after day, you will have a smooth running darkroom. 


HANDLING FILM 


Now that you have the darkroom ready, your first film is placed in the passbox. 
The passbox allows the outside technician to send film into the darkroom without en- 
tering. 


When you open your film passbox, you will close the doors on the outside so the 
technician cannot openthe box from the outside. The passboxis divided into two com- 
partments; the right section is used for unexposed film, and the left section for ex- 
posed film. The technician must take care to avoid placing film in the wrong com- 
partments. Misplacement of films may result in double exposures, thereby ruining 
two examinations, or developing film on which no exposure has been made. 


UNLOADING. Unloading film is not a difficult task. If you have a cardboard 
holder just open the lid and envelope. Grasp the film with the right thumb and index 
finger at the bottomand withthe left hand at the top. Separate the paper that is wrap- 
ped around the film and let it fall away. Then hang the film. 


The cassette is placed so that thebackis facing up. Press downon the fasteners 
and rotate them out of the locks. Be careful to press in the center and not get your 
fingers too close to the end. Some types of cassettes have a sharp metal edge and 
whenyou turn your fastener the fingers will slide along this edgeand you will cut your- 
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self. When the cassette is loosened, hold it open with your left hand and remove the 
film. Grasp it fromthe lower right hand corner and lift it out. Be careful of crimping, 
bending or sliding it as this will cause static or.crescent marks on your films. These 
marks are called "artifacts" and are not wanted on the film. 


Before you go on, it must be understood that you will never attempt to load, un- 
load or hang films with WET hands. When this work is done you must have dry hands 
anda dry surface. A wet surface will ruin your films and your holders. Wet hands 
will leave fingerprints on your films. 


HANGING. After you have unloaded the nolders, your next step is to hang the 
film. There are different sizes of hangers for each size of film you will use. These 
hangers are usually kept above the loading surface on racks where they are out of the 
way, but handy. 


Once the film is out and you have the proper hanger, turn the hanger over till 
you have the bottom clips up. The film is hung from the bottom of the hanger first. 
Using the right hand youwill clip the corner of the film into the hanger. Then turning 
the hanger in a clockwise direction you will fasten the other clips to the film. You 
will notice that the topclips have springs on themandcan be brought down to the film. 
This allows you to maintain your film taut in the hanger. 


If the hanger clips are filled with old emulsion these must be cleaned out with 
a steel wire brush so they will hold the film. When the springs are too loose, these 
must be readjusted to the proper tension. A hanger that is beyond adjustment should 
be turned in. If the hanger is badly worn, the films may bulge and touch one another 
in the solutions. If the hanger is worn out or not properly used you may ruin an ex- 
amination. Hangers should be handled with careand not thrown around. One common 
practice in clinics is to remove films from a number of hangers by placing them to- 
gether and punching or kicking them out, It is rapid, but it is hard on your hangers. 
Hangers should be removed from the film individually. It may take more time, but 
your hangers will last longer and operate better. 


LOADING. Loading film is not a difficult taskeither, but it has to be done right. 
First, you must be careful about removing the film from the film box, It is very easy 
to remove two films or slide them against each other as they come out of the box. 
Once a film is removed from the film box or bin, CLOSE THE DOOR TO THE BIN 
OR PUT THE TOP ON THE BOX! 


If you are loading a cardboard holder leave the paper that is on the film around 
it. Take the holder and open the lid and envelope and put the film in the holder with 
the open edge of the paper at the top of the holder. Cover the film with the top cover 
sheet and fold the side flaps in over it. Bring the bottom flap up and place the top 
cover of the holder downand clip it.. Inspect the holder to see if the envelope is worn 
or the flaps folded wrong. If your holder bulges there may be something improperly 
done. When your cardboard holders become worn they shouldbethrownaway. Throw- 
ing your cardboard holders around in the darkroom or the passbox is detrimental to 
the film. Also do not pack them so tightly together you can't separate them without 
trouble. This packing will cause the films to have pressure marks on them. 


The cassette will be loaded with the paper removed from around the film. If 
the paper is left the screens will not expose thefilm. Grasp the film at the right hand 
corner with the right hand and with the left hand separate the paper from the film. 
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Let the paper fallaway from the film. Placethe film in the cassette so that it doesn't 
stick out at the edges. Try not to slide it because this will cause static marks. 


DEVELOPING YOUR FILM 


Once you have the film hung you will develop it. When you have a number of 
films to hang at one time be sure that these films are kept far enough away from the 
darkroom safelights and don't keep them out too long. Even in the darkroom they can 
become fogged. Donot unload more film than youcan develop at one time. This will 
depend on how large your developing tank is; but if you can only develop five films, 
just hang five films. 


When you have the number of films ready that you want for developing they are 
put into the developer one atatime. Keep them at least one-half inch apart. Make 
sure that the solution covers them completely. When you first put them in, agitate 
them. This removes any air bubbles that are clinging to the surface of the film. 
After they are in the solution set your timer. 


The timer isaclock witha bellon it. Some timersare located on the developing 
apparatus and others are small individual clocks like your alarm clocks. They are 
called interval timers. You can set them upto sixty minutes, but ordinarily you will 
never use sixty minutes. Before you set the timer, however, you must consider a 
number of different things. 


How warm or cold is the solution? What type of developer solution doyou have? 
Is the solution fresh or has it been used for some time? Has the film been over- 
exposed or underexposed? Is the film an emergency film? 


TIME-TEMPERATURE METHOD. The time-temperature method is the tech- 
nique that is used in developing your films. All of your radiographic techniques are 
designed so that after a certain time in a solution of a certain temperature the pro- 
per density is obtained on the film. The most common time and temperature used is 
5 minutes at 68 degrees Fahrenheit. You will alsouse 3 minutes at 68 degrees Fah- 
renheit. These figures are the base figures. If your temperature is higher than 68 
degrees you will reduce the time. If it is lower you will increase the time. 


DEVELOPERS, Two types of developers are generally used for routine dark- 
room work. These are known as regular and rapid developers. They come to you 
either in a powder or a liquid form. Because these solutions are made by a number 
of different manufacturers it is wise to follow specific instructions provided by them 
for using the solutions. The regular developer is used at 5 minutes and the rapid at 
3 minutes. 


EXHAUSTION, Exhaustion of solutions occur as they are used. The amount 
of exhaustion can cause you to increase your time of development. It is important 
that you remember this fact. <A solution that has had fifty films developed in it has 
suffered some exhaustion. The same thing is true with a solution that is a month old. 
Well, what can you do about it? 


There are two methods you can use. One method is to keep track of the number 
of films that you have developed in a certain amount of developer. The other is the 
technique of adding replenisher solution to keep the developer up to normal strength. 
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FILM COUNT METHOD. The film count method will cause you to increase your 
development time after a certain number of films have been through the solution. 
This count is based on the number of 14x 17 inch films developed in each gallon of 
solution. Most X-ray clinics have from 5 to 20-gallon tanks of solutions, depending 
upon the number of films they have to develop. A 5-gallon tank of developer will de- 
velop approximately 180 large films before it is considered to be exhausted. 


If you can develop about 180 14 x 17 inch films, how many films of the 10 x 12 
or 8 x 10 inch can you develop? You can figure that three 8 x 10 films will equal one 
14 x 17 and that twol0 x 12 films will equalone 14x 17. But, there is another factor 
that cancomplicate the picture. Some filmsare exposed more than the others so will 
require more action by solutions. A film with a great deal of its area exposed will 
exhaust the solution more than one that is not as dense, Just how do you determine, 
then, the exhaustion of your solutions? It is simple. When your films show unsatis- 
factory images you change it. This may occur with 100 films or 200. And, just how 
can you tell when the images are unsatisfactory? Time and experience are your 
teachers. 


You must also consider that open solutions are subject to contamination. The 
solution should be kept covered because it can be oxidized bythe air. Dirtand foreign 
matter can hurt your solutions. Solutions should not be allowedto drip back into the 
tank because as it passes through the air it is oxidized. As you remove films from 
the developer some of the developer is carried out. This reduces the level and you 
should never try to replace this level by dumping water from the rinsing tank into the 
solution. This will rapidly dilute your solutions so they won't be any good at all. 
The level is kept up by adding fresh developer that is usually mixed up and put into a 
separate bottle. This solution is poured or siphoned into the solution as it is needed. 


If you use the film count method you will need to keep a good record. Accuracy 
of count is imperative if this system is used. 


REPLENISHER METHOD. The replenisher method is more advantageous than 
the other. You do not have to keep records or adjust your time periodically. The 
replenisher solution is a concentrated solution of developer. It is used to maintain 
the level of the solutionand its strength. Because the amount of exhaustionis deter- 
mined by the type of film emulsion and film density, the amount of replenisher you 
will need to add will not be constant. Generally you will use it as the solutionis low- 
ered. Usually 3 ounces of solution is removed per film. 


The films are removed from the solutions rapidly and are not allowed to drain 
back into the tank, The solution can be used until it has been replaced with about 
three to four times its volume in replenisher or until the films become unsatisfactory. 
Even with this standard it will probably be changed at least oncea month. Allof these 
things will be variable due to contamination from other sources, film density and 
emulsion types. 


SIGHT DEVELOPING. Sight developing is a practice that should be performed 
only at certain times. It is not advisable for the general routine development. It is 
used when you know that the films have been accidently or deliberately overexposed, 
or when a film has been exposed more to increase the speed of processing it. Be- 
cause the eye is not adapted readily to the dark the film will look all right in the dark- 
room. But when it is seen in the light it will lack the density you thought you saw in 
the darkroom. Also the raising and lowering of the films in and out of the solutions 
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will cause them to be unevenly developed. Inconsistency will occur if each film is 
sight developed. This is caused by some films being in the developer longer than 
others. 


Now that you have some idea of the various factors that will determine your 
time you can see it isn't just a time-temperature techngiue. The technique will be 
the base from which to start, but you must alsoapply the type of solution, age of your 
solution and the amount of contamination present to your decision. 


WHAT IS HAPPENING IN THE DEVELOPER? 


You've been learning quite a bit while your film has beenin thedeveloper. Let's 
hope that it isn't fogged too badly. This is what happens when you go off and forget 
you havea film in the developer. Youwill hear that a film, if it is properly exposed, 
does not develop beyond those crystals that have beeneffected. However, it will be 
subject to chemical fog if left too long in the solution. 


You should have some knowledge of what reactions are taking place. 


Four basic ingredients make up the developer solution. To develop anything 
you have to havea developing agent. Inyour developer you have two developing agents. 
These agents are called elon and hydroquinone, They must be used together because 
each produces a specific result. The elon brings out the soft warm tones in a radio- 
graph. The hydroquinone brings up the sharpcontrast. If they were used individually 
the elon would produce a film with indistinct contrast and the hydroquinone would 
show just a harsh black and white. With a combination of the two the middle tones 
are brought out. 


Because of the oxidation of the developing agents the solution has to have some 
kind of a preservative to delay this. Sodium sulfite is the chemical used. It absorbs 
the excess oxygen and makes the solution last longer. 


The gelatin on the film must be reached before the developing agents can get to 
the exposed silver bromide cyrstals of the film. Penetration of the gelatin is accom- 
plished by what is known as an accelerator. The chemical used is sodium carbonate 
or sodium hydroxide. This makes the gelatin swell so it can be reached by the de- 
veloping agents. Thus it accelerates the developing process by letting the other chem- 
icals get to the crystals. 


Now the developing agents can become a little careless in their selection of cry- 
stals to work on. To keep them on the right track so they will work only on the ex- 
posed silver bromide crystals a restrainer is added. This is potassium bromide or 
potassium iodide. By restraining the developing agents from over acting, fog is in- 
hibited. If the film is left in too long the restrainer cannot completely stop the fog- 
ging action. 


Now you know what is happening to your film. You have been told toagitate the 
film to remove the air bubbles. If youdon'tthe developer doesn't reach the film and 
those areas will not be developed or they will not be developed as much as they should 
have been. Your film will look spotty. Also agitationis necessary to keep fresh de- 
veloping agents near the surface of the film. The bromides that are reduced out will 
form a barrier to the other agents. When the film is shaken up and down these bro- 
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mides are driven away. You should agitate your films at least once a minute during 
the developing process. 


The temperature of your developer will affect these chemicals. If the solution 
is warm the chemicals will react faster, When they arecold they won't work as fast. 
As has been stated, the ideal temperature is 68 degrees. If your solution is below 
60 degrees the elon and hydroquinone do not react properly and your film will be im- 
properly developed. The range of temperatures you should use is between 65 and 75 
degrees Fahrenheit. Time adjustments must be made, however, if there is a vari- 
ation from 68 degrees. 


RINSING YOUR FILM 


When the designated time of developing is over, the films are taken up smoothly 
and placed in the rinse water. The solution should not be allowed to drain back into 
the tanks. The films should be rinsed about 30 seconds somost of the excess devel- 
oper is not carried over into your fixer tank. 


FIXING. YOUR FILM 


Your fixing or "hypo" solution is contained in a 5 to 20-gallon tank. This so- 
lution does a number of things. It stops further development, hardens the emulsion 
of the film and removes all of the unexposed silver bromide crystals. The film is 
still green in many places right after you take it from the developer. These green 
areas are unexposed silver bromide. The development process reduced the other 
exposed crystals to black metallic silver. | 


How does your fixer solution work? Like the developer, the fixer solution has 
four basic ingredients. These are a fixing agent, a preservative, a hardener and an 
acid. The fixing agent is sodium thiosulfate. Its job is to dissolve the unexposed 
silver bromide crystals out of the film. It will take about 2 to 3 minutes after the 
film is inserted in the fixer to clear it. The white lights should not be put on until 
the clearing action has taken place. | 


The preservative, as in the developer, is a sodium sulfite. It keeps the sodium 
thiosulfate from decomposing and inhibits the discoloring of the fixer. The hardener 
is usually chrome alum or potassium alum. The emulsion was softened in the de- 
veloper and this chemical hardens it again so it won't scratch. 


The acid is used to neutralize the alkali from the developer. The developer is 
an alkaline solution. Sulfuric acid or acetic acid is used to counteract the solution 
that is brought into the fixer from the developer. The acid provides the medium in 
which the hardener and the fixing agents work. 


The fixer solution is exhausted when it takes a prolonged period for the films | 
toclear. You should agitate your films in the fixer too. This will prevent any streaks 
that could come by uneven clearing. Its temperature should be the same as the de- 
veloper. Sometimes you are required to get the film to the doctor as soon as pos- 
sible so if you give the film vigorous agitation it will be cleared sooner. 


A film is not properly fixed when it is just cleared. The hardening action pro- 
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vides the film with a long life. An X-ray film should haveat least five years of use- 
ful service. To insurethat it has sufficient time toharden, keep the films in the fixer 
for at least twice the time of development. Generally in Air Force clinics the films 
are fixed at least 15 minutes. An improperly fixed film will contain crystals which 
can be exposed to light or be soft so that chemical action continues. This will cause 
the film to discolor and fog. 


WASHING YOUR FILM 


The film is washed in clear, running water from 20 to 30 minutes after fixing. 
This is necessary to wash away all of the chemical that has clung to the surface of 
the film. Unless they are washed sufficiently you will have fixer stains or streaks 
on them. Prolonged washing tends to make the emulsion soft so don't keep them in 
too long. Many technicians do leave films in the water overnight, but try to avoid 
this if possible. The water should be the same temperature as the other solutions. 
If the water gets hot the emulsion on your film will melt off. This results in a big 
cleaning job. 


DRYING YOUR FILMS 


In most Air Force clinics, you will use a heated dryer to dry your film. These 
dryers have a heating element and a fan tocirculate the air. The clinics will present 
a variety of different types, but they all work on the same principle. You will find 
that there will be times when you will have to dry your films in rooms or out of doors. 
The disadvantage of outside drying is the chance of getting the films covered with dust 
and dirt. 


One precaution you will need to take when you use the dryer is not to swing wet 
films over partially dryed film. This will cause water spots or streaks on the film 
as the drops splatter thefilms. On the film these spots sometimes resemble rarified 
densities and can lead to a bad diagnosis. This artifact is easily avoided with a little 
attention. Also be sure that all of the films are far enough away from each other that 
they don't stick. It is practically impossible to separate two films stuck together in 
a dryer. This same precaution must be used in the developer, fixer and washas well. 


The time of drying will depend on how efficient your unit is. If the time is ex- 
cessive the unit should be fixed. A film will normally dry in forty-five minutes to 
one hour. The only area that will give you any trouble will be the point where the 
clips hang the film. Water sometimes remains there because the air is not readily 
circulated around it. This cancause water spots if you donot remove the films from 
the hangers very carefully. Wet fingers on dry film will cause fingerprints. 


CORNER CUTTING AND MATCHING 


You have now developed, rinsed, fixed, washed and dried an X-ray film. Now 
if you will find a filmin the dryer you will see that when it is removed from the hanger 
the corners have sharp jagged points. These have to be cut off so that they will not 
scratch the films. After the corners are cut the film is matched against the request 
form. Together they go to the radiologists who read them. 





YOUR DARKROOM 


There are many different types of darkrooms. They will range froma 4x 4 
foot room to elaborate two and three room facilities. You may be working with im- 
provised tanks or automatic units. In any of these, however, you must have a place 
to develop, rinse, fix, wash and dry the film. 


Information on all the various types of techniques and equipment available could 
not be included in five volumes on darkroom techniques or equipment. But you will 
learn about some of the equipment you will use. Also you should know how tocare for 
and test some of this equipment. 


DARKROOM LAYOUTS 


Darkrooms are constructed so that they are fairly close to the radiographic 
rooms. The primary purpose of a darkroom is to keep the films in safe light while 
they are being processed. To insure that light does not enter a darkroom accidently 
there are a number of systems used to enter the darkrooms. The entrance is known 
as a "maze". In the beginning the maze was a series of wall panels arranged to keep 
light out. They resembled a psychologist's maze for testing the ability of mice to find 
their way out of a closed unit. A number ofthese mazes still exist in Air Force clinics. 
A system of double doors is now used in many clinics. You open one and entera dark 
ante room. Closing this door, you can enter the darkroom with either a signal ora 
knock. Some darkrooms have automatic door locks or lights over the entrance so you 
can see whenit is safe toentera darkroom. Some rooms have just a GI blanket tacked 
up over an open door. The main purpose is to keep light out. ‘Your responsibility is 
to be sure that you do not enter a darkroom until you are sure that films will not be 
exposed. 


In your darkroom you will need a loading bench. This will be anything from a 
field table to a built-in cabinet. Your films are kept in the boxes that they come in 
orin filmbins. You willneed a film processing tank which has a place for developing, 
rinsing, fixing, and washing. Thesearefoundas separate units and as combine: units. 
And you will need some place to dry your films. Usually you will have drying equip- 
ment, but you will also find a variety of homemade racks for open air drying. 


DARKROOM SAFELIGHTS 


Any light will affect your films. Some of the films that you will use will require 
that all the lights be out. In your darkroom you will have a safelight. It is safe only 
for the type of film that you are going to expose to it. X-ray film is manufactured to 
be sensitive to a certain type of light. Because the light from the screens are pri- 
marily in the blue wavelength any safelight that would allow blue light to reach the 
film would ruin it. This means that you could not use a blue filter over a white bulb 
because it would only allow blue light to pass through it. However, if you havea filter 
that will block out blue light your film will be relatively safe. 


Most of the darkrooms that you will be working in have red or yellow-green type 
of filters over the white bulbs. This will be satisfactory for everything except photo- 
fluorographic film. 
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Even with safelights you must be careful about fogging film. The bulbs that you 
use in your safelights should be from 6to 15 watts. The wattage will be dependent 
on the manufacturer of your safelight. You should check your filters for cracks that 
will emit light. After a filter is aged it willcrack. The usual filter supplied by your 
medical supply will be a Wratten 6B filter. This is a Kodak filter. 


Other factors can cause fogging of your films. One is the distance that you have 
the light from the film. Another is the length of time that your films are exposed to 
the light. A film that has been exposed to X-ray is MORE sensitive to the safelight 
than one that isn't exposed. Screen type filmis more sensitive than non-screen film. 


So what can you do to find out how safe your lights really are? It is a simple 
procedure. Try an experiment with each type of film that you are using in your de- 
partment. Expose one set to X-ray and place it besidea film that hasn't been exposed. 
Take the film to the bench where you load your films and cover them so that various 
areas can be exposed periodically. Expose each area to the normal safelights you 
areusing. Start with a one-half minuteand then progress through 1, 1-1/2, 2, 2-1/2, 
3, 3-1/2 minutes. Cover each area that has been exposed so it can't be exposed a- 
gain. Then develop the film. Look at the film and the point where you begin to see 
the first fogging effect indicates the time that is safe for your film to be exposed to 
the lights. Try this at various distances from the safelights - 18", 30", 36", 48". 
You will probably find that the farther away you have the film the longer it will take 
for it to show signs of fogging. 


You were told that you should only hang as many films as you can develop be- 
cause of the danger of fogging them with safelights. Because your films have now 
been exposed to X-ray they are even more sensitive. 


Many clinics will not have sufficient number of cassettes or hangers, so it will 
be necessary to place undeveloped film ina film box to be developed when you have 
time. 


CONTROLLING TEMPERATURES 


Some of your equipment will have the feature of temperature control, and some 
of your equipment will not. You will work with completely automatic controls and 
with plain hot and cold water faucets. In some field equipment you may not even have 
the faucets. Astandard item of equipment will bea thermometer. This thermometer 
will have a weighted end which allows it to float in the solutions. In the larger com- 
bination tanks the water is regulated automatically. The tanks of solutionare inserted 
in the water and the temperatures are regulated by the water bath. Lookat your dark- 
room and see what type of temperature control you are using for your processing 
solution. 


Room temperature and humidity must be controlled also. Because your films 
and solutions are sensitive to temperature conditions the room temperature should 
be controlled wherever possible. An airy, well ventilated darkroom is a necessity. 


FILM STORAGE 


Although many clinics do not store films directly in the darkrooms you should 
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1ave an idea of the best means of storing them. You do not lay your films on top of 
zach other. This will produce pressure marks before you even open the box. The 
-ilzxyas must be protected from stray radiation. Most darkroomsare leadlined so this 
ism'‘*t generally a problem in the Air Force. They should not be placed in a warm or 
moist place. You should use films that have the earliest exposure deadline first. 
For example, on a box of film you might find a notation that says, "Expose before 
22 Jun 58". This means that these films should be used before that date for the best 
results. You may not haveany bad effects, and thenagain, youmay find that the films 
aren't providing the best images. 


Once a package of film has been opened care must be taken to insure that the 
unexposed film is stored in a light tight container or film bin. This may seem like 
sim ple advice but it costs the Air Force many dollars each year because lights were 
turned on near open boxes or bins. 


CARE OF SCREENS AND CASSETTES 


Cassettes are expensive and very useful in X-ray clinics. Although they are 
strongly built they should not be carelessly abused. Dropping or packing them too 
tightly will warp the frames or crack the bakelite fronts. Abuse will allow the hinges 
to be worn or the felt packing around theedges to be removed. All of these things 
will admit light through leaks which make them useless. Handle them with care. 


CLEANING SCREENS 


Cleaning screens is a task that many clinics perform periodically. A cassette 
should be inspected periodically for dust, grit, stains, scarring or poor screen con- 
tact. When a film shows a number of white spots or fuzzy areas your cassette needs 
cleaning and the screens adjusted. 


Mild soapand water is used to wipe the screens free of dust and dirt. Theyare 
then rinsed with a damp cloth to remove the soap. Do not pour a great amount of 
water into your cassette. Use only a slightly dampened cloth. The screens should 
be dry in a few minutes if you have not used too much water. Be sure they are dry 
before you reload them with film. In many instances you can brush off the dirt and 
lint on the felt lining with a soft lintless cloth or a camel's-hair brush. 


Screens of the ""PATTERSON" brand can be cleaned by wiping the surface with 
70% ethyl alcohol that is not denatured. Do not use alcohol on any other screen un- 
less recommended by the manufacturer. Be sure that no denaturing chemicals have 
been added to the alcohol. 


The amount of cleaning required will depend upon the place you are stationed. 
lf you are near a populated center with industry close by or out in the middle of a 
windy, blowing desert you will need to clean your screens more often. It is recom- 
mended that the screens be protected from light, dust, or stains by keeping the cas- 
sette closed after you take the film out of it. 


It is acommon practice in X-ray clinics to number the cassettes 80 they can be 
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identified when artifacts are noted. This is usually done by numbering the screens 
with India ink. Care must be taken when washing your screens so as not to smear 
the ink. After the screen has been cleaned, a label or notation on the back of the 
cassette will indicate the date and what was done to the cassette. 


TESTING FOR SCREEN CONTACT 


In your chapter on radiographic technique you learned that intensifying screens 
must be in close contact with the film. If they are not there will be a fuzziness to 
the image. You may find this only in certain areas of the film. There is a way to 
test for screen contact with which you should be familiar. 


In testing the screens for contact take a loaded cassette and placea 1/4" or 
1/16"" mesh wire screen on top of it. The mesh screen should be the size of the cas- 
sette. Make sure the mesh is lying flat on the film. Expose the film. Develop the 
film to see if the image of the wire is sharp. If it isn't the screen contact is poor. 


What do you do if the screen contact is poor? Youmust find some means of re- 
storing the proper contact. This is done by remounting your screens in the cassettes. 


MOUNTING SCREENS 


Your intensifying screens will come in sets of two. You will find one screen is 
thicker than the other. The thin screenis placed on the bakelite front of the cassette, 
the thick one on the back or lid. You will need screen mounting tape, ether or some 
solvent to wipe away the adhesive of the old screens, and a flat spatula, The old screens 
are removed from the cassette. Care must be taken that the felt on the back is not 
removed or pulled away. The cassette is cleaned with ether to remove the old ad- 
hesive. While using the ether do not allow flames or smoking near the work area. 
Sometimes carbontetrachloride is used so be sure that the room is well ventilated. 
The mounting tape has adhesive surfaces on both sides so it will stick to the screen 
and the cassette. It will usually be a Scotch brand 400. It is a quarter-inch tape re- 
sembling masking tape. Care will be exercised when you place the tape on the back 
side of the screens again when you place the screens in the cassettes. 


Once the screens have been replaced in the cassettes, each cassette should be 
tested again. If there is still poor screen contact the area can be built up with layers 
of tissue paper until the proper contact is made. This can bea tedious operation, 
but it is a necessary one. You will find that the addition of paper under the poor areas 
will not be required often. 


DARKROOM MAINTENANCE 


Maintaining a darkroom so that it will function smoothly is an important task 
for the X-ray technician working in it. The cleanliness of the equipment will deter- 
mine how well your films will turn out. The thoroughness with which the solutions 
are mixed and maintained will also be shown by the films processed in them. 


MIXING YOUR SOLUTIONS 


You have read about how the developer and fixer react on the film. Your next 
step is to learn how to mix these solutions. You will probably mix both the powder 
and the liquid forms. The liquid is more easily prepared. 


Two separate paddles should be used, one for the developer and one for the 
fixer. The solutions should be mixed in non-corrosive containers such as glass 
bottles or stainless steel buckets. When mixing you can use the tanks themselves. 
After the solutions are mixed the paddles are washed in clear, warm water. This 
will prevent the solution from drying and the material from being deposited about the 
room as dust. 


Directions for mixing the solutions are contained on the cans or bottles. The 
chemicals may be produced by different companies, so it is best to follow the instruc- 
tions provided by the company whose product youare using. Generally, the developer 
will come in two containers. A small container will hold the developing agents. The 
larger will hold the other chemicals. Contents of the larger container will be mixed 
into water slowly and then the contents of the small container will be mixed into this 
solution. If the chemical is a powder, you must pour it slowly while you are stirring 
it. This will allow thorough mixing and prevent lumping of the chemicals in the bot- 
tom of your container. 


With the solutions at a temperature above normal using range, it will be neces- 
sary to let them cool or add the remainder of the water necessary at a temperature 
which will bring them to level required. Usually chemicals are made at the end of a 
day or early enough to be able to use them. The temperatures that are recommended 
should be used. Usually these will be in the range of 75 to 85 degrees. If they are 


not mixed properly the solution will have a milky appearance which will usually clear 
after standing for a while. 


The liquid solutions are easier to prepare at working temperatures. These can 
be mixed near the developer temperature used and will eliminate the period of waiting. 
Don't use ice to cool solutions unless it is an amount equivalent to the amount of water 
you would need to bring your solution into a proper mixture. When preparing fresh 
solutions, it is suggested that you prepare an extra amount to use as a replenisher, 


DARKROOM CLEANLINESS 


Because dirt, spots or stains adversely affect your films, your darkroom must 
remain in a very clean state. Also because your chemicals can corrode your equip- 
ment, it is of importance that the darkroom be kept wiped and clean. Your health is 
of importance too, so the darkroom must be well ventilated. 


The habit of wiping solution tanks each time they are used is something that will 
save you much work later on. If the solutionsare allowed to dry, they will blow about 
your darkroom as dust and get into screens or on films. Excess gelatin on hangers 
will cause these hangers to hold chemicals which will streak the films. Your dryers 
should be kept cleanof all dirt and corrosion. Cleaning will bea day-to-day task and 
must be taken care of at the end of each day. A dirty dryer will circulate dirt and 
dust which will stick to your films. 
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Algae may form on the surfaces of insert tanks and on the walls of the master 
tank. The algae should be cleaned off with a stiff Gl brush. An accumulation of al- 
gae will stop up the flow drains. 


Water must be kept off the floor. This is to protect you from electrical hazards 
and slipping, as well as to provide a good environment in which to work. All waste 
paper and materials should be removed each night to avoid the possibility of fire. 


An X-ray technician must be clean ANYWHERE .....in person, darkroom or 
clinic. 


SPECIAL PROCESSING TECHNIQUES 


There will be times when you will be required to develop films faster than the 
normal pace, This is true when you work in the operating room. You can use a 
number of different techniques to examine a radiograph quickly. 


One simple method to use, when time is limited, is to increase your exposure 
by doubling your MAS and reducing your developing time in half. There would be 
some sacrifice of quality, but this is to be expected using this method. 


Another method is to increase your exposure about 40% and then develop your 
film in aconcentrated solution for about 30 seconds. The concentrated solution con- 
sists of one part of the solution to one part of water. Continually agitate your film. 
Have the temperature of your solution at about 80 degrees Fahrenheit. When using 
a method such as this you should have an "acid bath" available. Because the emul- 
sion of the film is swelled more, more developer reaches the crystals and will be 
held thete. An acid bath of 1.5% acetic acid solution will neutralize the excess de- 
veloper. The film is then placed in the fixer for about one minute until it clears. 
After the film is cleared, agitate it for about 5 seconds in the wash. It can then be 
viewed. After viewing take the film back and replace it in the fixer to harden. 


BEHIND AND AHEAD 


You should know how to use a passbox; unload and load film holders; hang 
film; check temperatures of solutions; develop film using time-temperature method; 
what takes place in the developer; and the need for agitating films in this solution. 
You have learned the techniques for processing and checking your films. You are 
familiar with the importance of keeping your darkroom clean. And you know some 
means of developing films rapidly. 


Ahead of you will be a chapter on special procedures and techniques. These 
procedures will be some that you will see done most frequently in your clinics. There 
are a great number of special procedures, but the Air Force X-ray technician will 
only be called upon to perform a few of them routinely. 


The special procedures that you will study will pertain to the visualization of the 
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various systems of thebody. Because these systems havea similar density, amedium 
must be administered that will outline these organs. You will learn what medium is 
used, how you prepare it and the patient, what your duties are, what positions you 
will use in radiographing these systems, and a general summary on why the exami- 
nation is performed. 


The special techniques are techniques that use the physical principles of your 
machine and the beam, It will include stereography, foreign body localization, body 
section radiography, pelvimetry, fluoroscopy, photofluorography, scanography, etc. 
These terms will become more meaningful as you read the next chapter. 


It will be wise to remember that some of these examinations are not done ina 
number of small clinics. They will be modified from clinic to clinic and doctor to 
doctor. You must learn new ways of doing them. It will take time and opportunity 
to become proficient in performing special procedures and techniques. You will en- 
counter various auxillary equipment used in these examinations which you must learn 
to operate. Although most of this equipment operates on the same principles, you will 
meet many modifications in the operation of the various makes and models. 


The one thing to remember is to learn well the procedures and how to operate 
the equipment that youactually have in your clinic. If you donot have the equipment 
you cannot expect to learn some of the procedures performed with it. As you meet 
new procedures and equipment add them to your background of knowledge. 


WORK PROBLEMS 


1. Practice unloading, hanging, and loading with a film in the light. Then turn 
off the light and get the feel of doing it in the dark. 


2. Mix up a gallon of developer solution and put it in a stoppered bottle. If you do 
not have a developing tray see if you can borrow a stainless steel container 
from central supply large enough to hold an 8x 10 film. Place your solution 
in a sink where you can change the temperature of the solution from cold to 
hot. You can get ice from the hospital dining hall and use the hot water faucet. 
Make some experimental exposures using the same technique for all of them. 
Bring the solution temperature down to 55 degrees and develop the first one, 
use 60, 65, 68, 75, 80, and 90 degrees. The exposures could be made on 
strips of film to prevent waste. A finger would be enough for a part. After 
they have been developed look at them and see what has happened to them. 


3. Perform the following simple experiments. Use.strips of films. 


a. Using normal techniques, develop a film for ten minutes and another one at 
the regular time. Use the proper temperature. 


b. Develop one film using the time-temperature method and another one with 
sight developing. 


c. Develop a film and then swish it around in the fixer for a few seconds. 
Look at the film. 


k. 


Fix a film long enough to clear it and then hang it up without washing it. 
Take a film and slide it over the loading bench. Develop it. 


Bend a film sharply and then develop it. 


. Dip your fingers in water then hang a dry film. Let it dry and then 


develop it. 


. Take a strip of film and follow the processing procedure, but then hang it 


in front of a hot bulb or heater. 
Take a dryed film without the corners cut and run it over another film. 


Put a film in water and leave it for a day or so. Then run your fingernail 
over it. 


Take a partially dryed film and flick water at it until you have spots and 
streaks on it. Let dry completely. 


. Take a film out and then flick the lights on and off quickly one time. Develop 
it. 


Place the film in the tank and then open the door so light can come into the 
darkroom for an instant. 


Place a film in a cassette with the paper around it. Expose the film and then 
develop it. 


. If you have some old intensifying screens and an old cassette try some of the 


following experiments. 


a. 


b. 


Fleck out a spot of the emulsion with your finger. Take a radiograph and 
develop it. 


Pour a drop of developer on the screen and let it dry. Take an exposure 
and develop it. 


Sprinkle a bit of dust on the screen. Place a film in the screen and expose 
the film. Develop it. 


Take some denatured alcohol and place it on the screen. Let it dry. Take 
a film and place it in the cassette. Expose it and then develop it. 


. Perform the experiment given you in the chapter to test the safelights in your 


darkroom. 


9. Using an old cassette and screens, practice mounting the screens. 


11. 


12. 


13 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


23. 


QUESTIONS 


Explain how you load and unload a cardboard holder. 
How do load and unload a cassette? 
How are static and crescent marks made on your films? 


What do air bubbles do to your films? How do you remove air bubbles from 
your films? 


Explain the use of the film count method in keeping track of solution exhaustion. 


What three things must you consider in selecting the proper time for 
developing your films? 


Explain the use of elon, hydroquinone, and sodium sulfite in darkroom work. 
Why should film be rinsed? 
Give three functions of a fixer solution. 


Explain the use of sodium thiosulfate, chrome alum, and sulfuric acid in a 
fixer solution. 


How long should a film be placed in the fixer ? 

How long should you wash your films ?. 

How long do you dry your films ? 

What are some examples of mazes? 

Name five different articles of equipment you will need in your darkroom. 
What color of filter will you normally use in your darkroom? 


What should you do if you have to remove more films from your holders than 
you can develop at one time ? 


How is the temperature of your solutions controlled? 
Explain how you tést for screen contact. 


After the screens are mounted, how do you check to see if you have them 
mounted correctly ? 


Why are two separate paddles and buckets needed for mixing solutions ? 
What are the advantages of liquid developer and fixer solutions? 


Explain some methods for developing films rapidly. 


i 








SPECIAL PROCEDURES 


Besides the routine examinations of the skeleton, the X-ray technician is called 
upon to demonstrate various body systems or parts of the systems. He alsowill per- 
form special diagnostic examinations or use special techniques which reveal more 
specific information than do routine radiographs. These special procedures and tech- 
niques require special materials and equipment which you must learn to use. Many 
of the procedures are done by the doctor, but the technician must learn the examina- 
tion so that he can anticipate the doctor's requests. Experience is a very necessary 


factor in these examinations so you must seek every opportunity to help in performing 
these procedures. 


The methods of doing these procedures are greatly varied. Inthe Air Force 
there are many clinics that do not have the equipment or a radiologist to perform 
these special techniques or procedures. Because of this fact many technicians feel 
insecure about their ability when they are transferred from clinic to clinic. This in- 
security is unnecessary because at each clinic youwill learn the techniques that they 
use for these procedures. There is nothing mysterious about them and the average 
technician can learn to perform them with practice. It is important, however, that 
he be very conscientious in developing the teamwork that is necessary. The types of 
examinations you will perform will largely depend upon the size of your hospital and 
the number of doctors working in your hospital. Where there is a neurosurgeon you 
may be called upon to perform ventriculography and myelography. 


The techniques and procedures given in this chapter are those that are done the 
most frequently in the Air Force. Thus, you will see the examination of the gall 
bladder, the intravenous pyelogram, gastro-intestinal series, esophagrams, barium 


enemas, retrograde pyelograms, cystograms, bronchograms, cholangiograms and 
hip nailings. 


You will learn about hysterosalpingography, sialograms, penumoperitoneum 
examinations, myelograms, vasograms, ventriculograms, pneumoencephalograms, 
abdominal arteriograms, angiocardiograms and cerebral angiograms. 


You should also be prepared for many modifications of these techniques and 
procedures. With new advancements being brought to the field and development of 
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new contrast media you may find it necessary to change old methods. You are not 
expected to possess the knowledge of the physician or radiologist, but you will bea 
better technician if you keep up with the literature on these procedures. Before you 
start on these procedures you will need some basic knowledge of fluoroscopy and con- 
trast media. 


FLUOROSCOPY 


Fluoroscopy is one of the tools that is used in the examination of the organs in 
the body. X-rays are passed through a patient and activate a screen. The thinner 
parts will allow more of the beam through to the screen. Thus you have a shadow of 
the organs where the beam does not penetrate as easily. Now, the body which is in 
front of the tube, is living and the organs of that body are moving in their natural 
motions. You can see the living motion of the heart, stomach, intestines, etc. You 
can observe the heart beating, the act of swallowing and the passage of media through 
the stomach. 


Fluoroscopy is usedto show these normal movements, to locate abnormal move- 
ments or functions, the shape of organs, and also to check the path of filling organs with 
contrast media. There is also a combination of fluoroscopy and radiography. Some- 
times an examination will consist of both fluoroscoping the patient and then recording 
some of the things seen during the fluoroscoping on radiographic film. Or after fluoro- 
scopic examinations there will be a series of films made which provide a permanent 
record that can be studied at leisure. 


FLUOROSCOPIC EQUIPMENT 


Most machines have fluoroscopic apparatus attached tothem. The fluoroscopic 
apparatus consists of a fluoroscopic tube that can be placed under the table; a shutter 
device with lead diaphragms to restrict the size of the beam; a fluoroscopic screen; 
generally a spot-film device; diaphragm and spot-film controls; a foot control switch 
and a fluoroscopic circuit within the control panel of the unit. Also a tilting X-ray 
table is used. 


FLUOROSCOPIC CONTROL. The fluoroscopic control on the panel is the radio- 
graphic-fluoroscopic switch. This switch will place the machine in operation for 
fluoroscopy. The circuit will automatically place the unit on fluoroscopic MA readings. 
Your fluoroscopic timer is an intermittent timer and you can set it for five minutes 
on most machines. This timer can be started and stopped by pressing or releasing 
the foot switch. It safeguards the patient from over exposure to radiation. Most 
fluoroscopic timers will automatically cut off after five minutes. The radiologist 
will control the foot switch and view the body in short exposures. When the unit is 
set for fluoroscopy the white lights on the control panel will go out and only a very 
dim light will be used to read the meters. If there is a spot-film device attached to 
the unit, the control will automatically set this on a certain MA and radiographic 
time. This MA may be 50, 100 or 200 depending on the machine that you are using. 
When the spot-film device is brought into play, the unit automatically switches to radio- 
graphic techniques. 
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FLUOROSCOPIC TUBE AND SHUTTER. The fluoroscopic tube provides the 
X-ray beam, and shutter devices limit this beam to the size of the fluoroscopic screen. 
The controls for the shutters consist of knobs, twist handles, levers or buttons. The 
tube is underneath the table and the diaphragm is placed directly over the tube. The 
tube is connected directly on a fluoroscopic carriage, with the screen, so that when 
the screen is moved the tube will move also. At other times it is desirable to have 
independent motion of tube and screen, There are locks on these combinations which 
will allow you to secure them when necessary. 


FLUOROSCOPIC SCREEN. A fluoroscopic screen works on the same principle 
as the intensifying screen in the cassette. It is a cardboard sheet coated with an 
emulsion of cadmium zinc sulfide crystals. These crystals emit a yellow-green light 
when they are activated by a beam of X-rays. The screen is placed behind a lead 
glass window for protection of the radiologist. The glass will allow the light from the 
screen to pass through, but will stop the X-ray. You will usually find a grid behind 
the screen to eliminate secondary radiation. These fluoroscopic screens should not 
be exposed to white light or sunlight because they will Iose their ability to fluoresce. 


SPOT-FILM DEVICES. Spot-film devices are used during fluoroscopy to obtain 
radiographs of the organs. The radiologist will see something that he would like to 
study further and make a permanent radiograph of it. You will find that you can take 
from one to four radiographs with most spot-film devices. By arranging your film 
in a certain manner your doctor can select the number of exposures he wants to take. 
He may see something and take one exposure, then fluoroscope again and take another, 
Or he may just take one, two, three, or four exposures without fluoroscoping in be- 
tween. 


Providing film for the spot-film device is one of the technician's duties. You 
will place the cassette into the device with the back facing you. Remember that the 
tube is facing the doctor with the patient between them. The cassette must be securely 
snapped into the unit or you will jam it. Also the doctor will not be able to use it at 
the instant he wants it if you have to pick up a dropped film or readjust it. Practice 
in the dark if necessary so you can do it by feel. 


You find a number of different types of spot-film devices. Some are automatic 
and in others you must shift the film yourself, Behind each screen, as you bring the 
spot-film device over in front of it, you will see a round cone projecting from it. The 
cone is placed in the middle of a sheet of lead so only the cone area is radiographed. 
This exposed area is a cone field or "spot"". The lead also protects the film during 
the fluoroscoping procedure. 


FLUOROSCOPIC TECHNIQUES 


Fluoroscopic techniques are used with the view of providing minimum exposure 
with maximum lighting of the screen, The technique that is used by technicians will 
be from 3 to5 MA at 85 KV. The doctor will usually tell you which MA he prefers 
to use, You will find a fluoroscopic MA selector on your control panel. The spot 
film device will be on the radiographic circuit when it is used. The time of exposure 
should be carefully checked on your tube rating charts so you will know the capacity 
of your tube. With low MA used in fluoroscopy, continuous exposure is a common 
practice in modern day equipment. 
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DARK ADAPTION 


Dark adaption for fluoroscopy is an important part of the preparation for the 
examinations. Because the fluorescence of the screenis rather dim, the doctor should 
have his eyes well adapted to the darkness. If he comes in directly from the light he 
cannot see the image as well. Generally he will wear a pair of red filter goggles for 
30 minutes before the examination is to begin. The technician usually does the same 
thing. 


The room is darkened during fluoroscopy and care must be taken that no one 
inadvertently opens a door while the examination is beingdone. Usually you will have 
a red light connected to the circuit which will provide enough light for you to move 
around, 


DUTIES 


Your duties during fluoroscopy will be to prepare the media for the radiologist 
and assist him as he requires it. He will be doing most of the actual work. You will 
keep him supplied with film for his spot-film exposures and bring the patient media, 
etc. You will prepare the patient and equipment before the examination begins. You 
will position and take films after fluoroscopy. 


PROTECTION 


Protection in fluoroscopy is very important. Of course, the patient will be sub- 
jected to more radiation than he might ordinarily receive with conventional radiographs. 
The tube is placed in the equipment so that it is at least 15 to 22 inches away from 
the patient. The lead diaphragms help to restrict the beam, At least 1 mm. of alu- 
minum is used to filter the beam. It has been found that use of 3 to 4 mm. of alumi- 
num will allow the use of higher KVP's but this is a matter for your radiologist to 
decide. Also the patient is further protected by the automatic interruption of the ex- 
posures., 


The technician wears a lead rubber apron and DOES NOT STAY IN THE ROOM 
DURING EXPOSURE ANY MORE THAN NECESSARY, AND HE NEVER ATTEMPTS 
TO PERFORM FLUOROSCOPIC PROCEDURES, The only time that he must be in 
the room is when he is actually helping the doctor. 


The doctor is provided with a lead apron and lead gloves. A fluoroscopic chair 
is provided with a lead sheet protecting him as he sits. The lead glass of the screen 
provides further protection. 


Detection devices are worn at all times in the clinic and especially when you 
are working in fluoroscopy. Doors should be locked to avoid entrance of people into 
the room - both for protection from exposure and to exclude light. 


Now that you know something of fluoroscopy you will need to know what contrast 
media is and why you will be using it. 
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CONTRAST MEDIA 


A contrast medium is any material which will cause the soft tissue systems of 
the body to be outlined. This medium canbe either heavier than the surrounding areas 
or lighter than the areas next to it. Just as you have a contrast between the white 
bone and the grayer appearing skin, you will need contrast between one organ and the 
others. 


Before contrast medium was developed the only means to see a diseased organ 
was to perform an exploratory operation. Now the organ can be studied without cut- 
ting into the body. By having the patient swallow barium sulfate solutions the radiol- 
ogist can study the esophagus during the act of swallowing. He can watch the barium 
enter the stomach and watch the stomachwork, If there are ulcers, he can see where 
they are located and how large they are. 


FORMS OF CONTRAST MEDIA 


Contrast media can come in many forms. They can be liquids, powders, gases 
or pills. There are different types of contrast media made to examine specific areas 
or organs. Some of these will localize into only one organ. 


Contrast media are given intravenously, drunk in the form of liquids, taken 
orally in pill form or injected as an enema. Gases are injected withneedles or tubes 
into the spaces to be examined. 


CONTRAST MEDIA USED IN THE AIR FORCE 


Contrast media are known by trade names or by chemical names. Those that are 
standard supply items are requisitioned by chemical names. A number of the media 
used in the Air Force are bought by local purchase. Listed below are some of the 
contrast media used in Air Force Clinics. The brand or type of medium used will 
depend upon your doctor and the type of special procedures that your clinic will be doing. 


@ Barium Sulfate @ Neo-lIopax (Sodium Iodomethanate) 
@ Urokon (Sodium Acetrizoate) @ Pantopaque 

@ Diodrast (Iodopyracet) @ Iodochloral (Chloridized Oil) 

@ Skiodan Sodium (Methiodal Sodium) @ Teridax 

@ Lipiodal @ Dionosil 

@ Salpix @ Hypaque (Sodium Diatrizoate) 

@ Telepaque (Iodopanoic Acid) @ Renografin 

@ Priodax (Iodoalphionic Acid) @ Neo-Sapax 

@ Cholografin (Sodium Iodipamide) @ Mioken (Sodium Diprotrizoate) 
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CONTRAST MEDIA REACTIONS 


Although the majority of your patients will show no reaction to these various 
contrast media, there will be some patients who will developreactions. These symp- 
toms should be recognized so that you can inform your doctor quickly. Usually he will 
be constantly available during the administration ofamedium. Some reactions of media 
are common, such as slight feeling of nausea or a feeling of heat. You should tell 
your patient that these feelings are to be expected so that he will not become fearful 
as he experiences them. Some of the more common type of reactions are listed be- 
low. 


@ Nausea @ Hypotension 

@ Vomiting @ Convulsion 

@ Heat @ Arm Pain 

@ Flushing @ Chest Pressure 
@ Urticaria (Hives) @ Chill 

@ Faintness @ Dysuria 

@ Excessive salivation @ Cough 

@ Headache @ Weakness 

@ Diarrhea @ Thirst: 

@ Bitter Taste @ Wheezing 


Many of the contrast media have iodinein them. Iodine hasa highatomic weight, 
and because of this fact, is opaque to X-rays. However, some people are sensitive 
to iodine preparations and must be tested to see if they can tolerate the medium given. 
This is done by a sensitivity test before the medium is injected into the system. A 
small quantity of themediumis injected under the skin. Ifafter 5 to 10 minutes there 
is no sign of sensitivity the medium can be injected for the examination. If a person 
is sensitive he will show a spreading, red wheal around the test site. This site is 
usually the anterior surface of the forearm. Some media are injected into the system. 
For example, Cholografin or Hypaque; you inject about 0.5 to 1 ml. of the media 
intravenously and wait at least 10 minutes for areaction. Your doctor will be respon- 
sible for the injection of media. 


Some doctors may require you to perform the sensitivity tests after you gain a 
little experience and others will assume the entire procedure, BUT IT WILL ALWAYS 
BE UNDER THE SUPERVISION OF YOUR DOCTOR. You will find that thereare times 
when a patientis suffering from certain diseases that will not allow him to be injected 
with these contrast media. However, it is your doctor who will decide who can tol- 
erate the injections. You will NEVER question him. Showing any surprise or dis- 
belief while in the examining room with your patient will be a serious breach of med- 
ical ethics. Your patient could easily lose confidence in the doctor and develop fear 
or anxiety which would be bad for hisrecovery. Just keep in mind that a little know- 
ledge can be dangerous and that you are a technician and not a physician! 
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You are ready, now, to proceed with the various special procedures. You know 
what the fluoroscopic apparatus is; you are familiar with some of the contrast media 
by name, what forms you will see them in, some of the types of reactions you may 
see, and the need for medical ethics. Your first procedure is the gall bladder. 


THE GALL BLADDER SERIES 


Radiography of the gall bladder is one of the most frequent examinations done 
in the Air Force. You will encounter a number of different methods and procedures 
for these examinations. 


ANATOMY OF THE BILIARY TRACT 


The biliary system is made up of the liver, the bile ducts and the gall bladder. 
The bile ducts come from lobules in the liver. These lobules make the bile and pass 
it through a system of tiny capillaries. These capillaries keep uniting until they be- 
come two large ducts. One duct comes from each lobe of the liver. These two large 
ducts unite into one duct. This is the hepatic duct. The hepatic duct is joined by the 
cystic duct of the gall bladder and the duct then becomes the common bile duct. Just 
before the common bile duct reaches its end it is joined by the pancreatic duct. The 
common bile duct empties into the duodenum of the small intestine. The opening of 
the bile duct into the duodenum is controlled by the sphincter of Oddi. 


Bile is used in the process of digestion to emulsify fats. Although bile is manu- 
factured in the liver, it is stored in the gall bladder. The gall bladder concentrates 
the bile by absorbing water from it. When there is no digestive process taking place, 
the bile is sent to the gall bladder. The bile is released when the digestive process 
begins. 


The gall bladder is a small pear-shaped bag about three inches long and one 
inch wide. It has a fundus, which is the wide sac part, and a narrow neck. The nar- 
row neck extends until it becomes the cystic duct. On examination the gall bladder 
may show a variety of different shapes. 


The gall bladder is located under the right lobe of the liver. It is oblique and 
forward in position. Because of this it will appear foreshortened on some examina- 
tions. The location of the gall bladder will vary depending on the type of body habitus. 
In the sthenic (average) person it will be found just below the rib margin in the prone 
position. In the hypersthenic person it will be found above the ribmargin. The hypo- 
sthenic person will show it to be a little lower than the sthenic. With the asthenic 
(very tall and slender person) it may reach into the abdomen below or just above the 
iliac crest and nearer to the spine. 


In all persons the gall bladder will be lower in the erect position than in a re- 
cumbent position. And remember that it is always on the right hand side of the body! 
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NAMES OF THE EXAMINATIONS 


You will encounter a number of different names for the examination of the gall 
bladder. 


GB SERIES This denotes an examination of the gall bladder, 
either oral or intravenous methods. 


CHOLECYSTOGRAPHY "Chole" refers to bile; "cysto" refers to sac; 
"graphy" refers to picture of. Thus you have a 
picture of the bile sac. 


CHOLEDOCHOGRAPHY #£=Examination of the common bile duct. 


CHOLANGIOGRAPHY Examination of gall bladder and bile ducts. 
Usually this will mean that the injection method 
is used, 


GRAHAM-COLE TEST Examination of the gall bladder. Names of men 
who developed a gall bladder examination. 


REASONS FOR EXAMINATION OF THE GALL BLADDER 


The examination of the gall bladder is done primarily to test its function. Be- 
cause the bile is used to emulsify fats during the digestion process, the sac will con- 
tract so it can expel the stored bile. When there is pain after eating a meal which 
contains fat or the physician finds something that indicates poor fat digestion, the gall 
bladder is examined. There are many reasons why the bile is not being discharged 
or for malfunction of the gall bladder, suchas gall stones, or biliary fistulas, gas, etc. 
The gall stones are a common cause of malfunction. These stones block the passage 
of the bile through the ducts. They-may be calcified, in which case they can some- 
times be seen with contrast media or they can he formed from material which will 
require media to show them. The pain which is felt is the contraction of the gall blad- 
der in an attempt to eject the bile through the ducts. 


GALL BLADDER CONTRAST MEDIA 


The procedure that is used in the examination of the patient will depend upon 
what type of contrast medium is to be used. Each clinic will use the medium pre- 
ferred by the radiologist or doctor. In some conditions there may be advantages of 
using one type of media over another. In the Air Force, the medium is usually given 
orally in tablet form. However, there are still instances when you may use media 
that are given intravenously or injected directly into the biliary tract. 


PRIODAX. Priodax (Iodoalphionic Acid) is a medium that contains 51. 38% io- 
dine. It is used to visualize the gall bladder and is given orally. The medium comes 
in packages of six tablets with 1, 5, 25, or 100 packages toa box. Six tablets will 
make one dose. Each tablet is 0.5 gm. Your doctor will tell you how many to give 
a patient in various circumstances. It concentrates in the gall bladder in about 12 
to 15 hours after it is taken. When it is discharged with the bile into the intestine, 
it is absorbed into the blood stream and is excreted through the kidneys. 
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A dose of six tablets is given to the patient the night before the examination. 
Eie swallows the tablets whole, with sips of water, at intervals of five minutes. Be- 
fore he takes the pills he should have had a fat-free meal such as cookedor raw fruit, 
vegetables cooked in salt water, toast and jelly, clear broth, etc. No cream, milk, 
eggs or fatty meats should be eaten. After the fat-free meal and taking the tablets, 
he will not be allowed to eat before the examination. He should be warned not to chew 
the tablets because they have a bitter taste and he might experience a burning sensa- 
tion. The burning will pass away. Priodax may cause the patient to feel nauseated 
or produce a diarrhea. If your doctor uses it he will sometimes prescribe some pare- 
goric to be taken. The paregoric will help in the absorption of the medium in the 
intestine and slow the diarrhea process. 


TELEPAQUE, Telepaque (Iodopanoic Acid) is an oral contrast medium which 
is replacing Priodax in some clinics. It contains 66.68% iodine and has a heavier 
atomic weight than Priodax. The medium will provide a much denser concentration 
im the gall bladder. It comes in packages of 6 tablets, which is usually the amount 
used for an adult dose. The packages come with 5 and 25 ina box. Each tablet is 
O.5 gm. Some doctors will only use four tablets while others will use six. 


Telepaque will begin to concentrate in the gall bladder about four hours after 
it is taken. The maximum concentration is usually reached within 10 to 12 hours. 
Although Telepaque will provide a denser concentration in the gall bladder, faster 
emptying of the gallbladder is obtained with it than with the other media. This helps 
in completing the examinations faster. Some patients will experience nausea and 
diarrhea from it, but the reactions are not as objectional as some other media. Tele- 
paque is sometimes seen unabsorbed in the colon and this might obscure a portion of 
the gall bladder. Also, because of its denser concentration it might obscure stones 
that would be seen with other media. 


The medium is given 10 to 12 hours before the examination. This will usually 
be the night before the examination. The patient will eat a fat-free meal. After the 
meal he will take six tablets and swallow each one separately with water. For patients 
under 150 pounds, four tablets may be enough. He should not eat anything after he has 
taken the pills. He may have some fruit juice, black coffee or tea, or water for 
breakfast. The incidence of nausea or diarrhea with this medium is low, so paregoric 
is not a normal item in the procedure, 


TERIDAX. Teridax (Triiodoethionic Acid) is one of the newer oral contrast 
media being used in the Air Force for cholecystography. It is supplied in bottles of 
30, 1000r 500 tablets. Each tabletis 0.75 gm. It contains 66.5% iodine, sohas nearly 
as much as Telepaque. It has the advantage of being excreted through the kidneys so 
will not be seen in the colon as Telepaque is. The side effects of Teridax are seen 
in headaches, epigastric burning, gas or abdominalcramps. These usually pass soon. 


Teridax is given in doses according to weight. 


150 to 175 lbs. - 4 to 5 tablets 
175 to 200 lbs. - 5 to 6 tablets 
200 or over = Not to exceed 8 tablets in one dose. 


The medium is given the night before the examination. The patient will eat a 
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fat-free meal, take the pills, and not eat until the films are taken the next morning. 
The medium will be concentrated in 12 to 15 hours. 


In using any of these three contrast media you have seen that they usually con- 
centrate within 10 to 15 hours after they are taken. You also see that they are given 
after a fat-free meal the night before the examination. Side effects of nausea, diarrhea, 
epigastric burning, etc. are present in one or the other. One has the characteristic 
of denser concentration which is useful in some cases. The others can be excreted 
by kidneys which lessens the possibility of the medium obscuring the region. So you 
see that your doctor has to weigh the advantages of one over the other for the specific 
purposehe hasinmind. You should also see that the examinations should be scheduled 
in the mornings. 


CHOLOGRAFIN. Cholografin (Sodium Iodipamide) is a contrast medium that is 
used for intravenous injection. This contrast medium is used to visualize the gall 
bladder and biliary ducts, and the procedure itselfis known as cholangiography. Cho- 
lografin is a relatively new contrast medium. It permits the examination of patients 
who have nonfunctioning gall bladders. It is alsoused for those patients who have had 
the gall bladder removed but still must have the biliary ducts demonstrated. 


It comes in 20 cc. ampules with two ampules to the box. Along with the large 
ampules there are two 1 cc. ampules used to test the patient for sensitivity. The so- 
lution is 20%, the usual dose is 40 cc. The patient is tested by injection of 2 minims 
subcutaneously and, if there is no reaction after 10 to 20 minutes, the injection is 
given. The injection is given over a period of at least 8 minutes. One half of the 
solution is given and then the doctor will wait two minutes before giving the other 
half. The patient may feel a transient feeling of nausea or flushing. This can be 
helped by having the patient breathe deeply, or the doctor can slow down the rate of 
the injection, 


Other contrast media such as Diodrast and Skiodan Sodium are used in direct 
injection into the bile ducts. These are usually used in the operating room, or after 
an operation a tube is left in the ducts and the media injected through it. You also 
may see theuse of sodium tetraiodophenolphtalein, which is an older medium and not 
so extensively used in the Air Force. 


Now that you know some of the contrast media that you will be using to examine 


the gall bladder, you will learn what procedures are taken to perform the radiographic 
part of your job. This is where your work begins. 


GALL BLADDER EXAMINATION 


Just what do youas a technician have to do? Youwill have to prepare the patient 
for examination, position the patient, identify each exposure and set your techniques. 
Procedures will vary from clinic to clinic. Some will require films at a certain period 
of time, etc. You will ALWAYS be learning some variation of the basic procedure. 


PREPARATION OF THE PATIENT 


Gall bladder examinations are scheduled in the mornings in most clinics, The 
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patient will come to the clinic with a request for the examination. He is given the 
Proper amount of contrast media and the proper instructions. These instructions 
should be written or mimeographed so that they cannot be forgotten by the patient. 
He must understand and follow them explicitly. 


SAMPLE INSTRUCTIONS 


1. You are preparing for an examination of the gall bladder. The pills that 
you have been given are known as . These pills will cause 
your gall bladder to be seen on an X-ray film. They concentrate in the 
bile of your gall bladder about 10 to 15 hours after you take them. 


2. When you go home tonight do not eat anything with fat in it. You can eat 
raw or cooked fruits, vegetables boiled in salt water, toast and jelly, 
black coffee or tea. Do not eat eggs, cream, milk, butter or anything 
with fat in it. If you do the gall bladder will spill out all the dye you 
have taken and the examination will have to be repeated. 


3. Take the pills that you have been given and swallow them five minutes 
apart with sips of water. DO NOT CHEW. DO NOT EAT AFTER YOU 
TAKE THE PILLS, You may have water, but don't eat until the doctor 
tells you that you can eat. Take the pills at ‘ 


4. Take a cleansing enema at - This will remove any gas or 
feces in the colon which might cover up your gall bladder and make 
another examination necessary. 


5. You may experience a feeling of nausea or diarrhea, or slight burning, 
but these are natural and will pass. However, if you vomit the pills, 
let the technician know. The dye will not be in your gall bladder and 
the examination will not be good. 


6. You will report to the X-ray clinic at o'clock on ; 
You will be there for at least hours. 


7. If you have any questions on how to prepare for this examination call 
01001 . The success of your examination will rest a great deal on 
your following these directions. 


PRELIMINARY FILMS 


Preliminary films are taken before the regular series of filmsaremade, These 
films are taken with 10 x 12 cassettes with no attempt to cone downon the gall bladder. 
These films will show the location, amount of contrast medium that has concentrated, 
and any gas or feces that may be covering the region. Sometimes these preliminary 
films are taken before the patient takes the contrast medium. These will reveal the 
presence of gall stones that have calcification around them and the administration of 
the medium may not be necessary. 
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RADIOGRAPHIC POSITIONS 


Radiographic positions used to show the gall bladder will vary from clinic to 
clinic. The usual positions are the posterior-anterior, the posterior-anterior oblique 
and the upright. The anterior-posterior, lateral and right lateral decubitus are also 
used. The posterior-anterior is used for the preliminary films. 


POSTERIOR-ANTERIOR VIEW. Usean 8 x 10 cassette placed lengthwise in the 
bucky tray. The patient is placed in the prone position. The right side of the body 
is centered to the center of the white line on the table. The film is centered to the 
location of the gall bladder. (This location is found by marking the body with a skin 
pencil where you centered the preliminary film). The left arm is extended alongside 
the body and the head is resting on the right arm. The central ray is directed per- 
pendicularly to the center of the film. The patient will suspend respiration on full 
inhalation. A cone is used for a 6"' cone field, Measure through the central ray. ID 
is burned in at the top of the film. Make sure that you have the proper markers on 
the film. 


POSTERIOR-ANTERIOR OBLIQUE VIEW. Usean8 x 1l0cassette placed length- 
wise in the bucky tray. Use cone. The patient is prone on the table. The amount of 
obliquity will be determined by the location of the gall bladder. Usually the body is 
obliqued 30 degrees and again at 60 degrees. The thinner your patient the greater 
obliquity you will need. The central ray is directed perpendicular to the center of 
the film, Film centered to the position of the gall bladder. Suspend respiration 
after full inhalation. Measure CR. ID is burnt in at the top of the film. 


LATERAL VIEW. Use an 8 x 10 cassette placed lengthwise in the bucky tray. 
Use acone. Place the patient in a right lateral position. Flex the knees and place 
the arms about the head. Center the body so the spine is just posterior to the center 
line on the table. Center the film to the location of the gall bladder. Direct your 
central ray perpendicular to the center of the film. Measureyour central ray. Burn 
your ID in at the top. Take the film while the patient suspends his breath after full 
inhalation. (This position is used to bring the gall bladder away from the spine in 
thin patients and also to show any irregularity in the shape of the organ). 


UPRIGHT PROJECTION, Use an 8 x 10 cassette placed lengthwise in a vertical 
cassette holder. Use a cone. Place the patient in the standing erect position. Center 
the marked gall bladder to the center of the film. (Keep in mind that the gall bladder 
will drop down, back and toward the midline of the body in this position). Direct 
your central ray horizontally to the center of your film. Take the exposure on full 
inhalation. Measure your central ray. ID burnt in at top of film. (This view is used 
to show how far the gall bladder moves, float unseen stones or show those that are 
heavier than the bile. Also it will show whether tumors are present), 


ANTERIOR-POSTERIOR VIEW. This positionis a reverse of the PAand is used 
at times during direct injection of contrast medium incholangiography. Tube is under 


the patient and film is placed over the patient. The same routine centering, etc. are 
used as in the PA. 


FATTY MEAL 


A FATTY MEAL is given to the patient after the first series of X-rays have 
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been taken. As you know the bile helpsto emulsify fats. Thesefats have beenavoided 
beforethe examination so the media would be able to concentrate in the bile. Because 
part of the reason for taking an examination of the gall bladder is to see how it func- 
tions, you must give the patient something to eat which will cause the gall bladder to 
eject bile. This is done by giving the patient a meal that contains fat. This can be 
regular food such as eggs, bacon, cream in coffee, butter and toast, etc. , or you will 
find that certain commercial meals are available in the Air Force. These prepara- 
tions are known by tradenames such as Cholex, Cholestin, Neo-Cholex and Bilexac. 

These contain fatty elements which allow you to perform your examination faster. 
Without them your patient would go to the hospital mess or a cafeteria for the fatty 
meal. 


After a fatty meal has been taken the gall bladder is X-rayed again to see how 
it is emptying. The time of this emptying will depend upon the type of meal given. 
Usually the film is taken one hour after the meal, but with some commercial meals 
this can be done within forty minutes. Then, too, your doctor may want to have films 
taken at specific periods of time suchas 15 minute intervals after taking the fatty 
meal. The position used will usually be the posterior-anterior. The doctor may: 
want other positions and these will probably be posted as part of your routine for the 
examination, 


BEHIND AND AHEAD 


So now you have anidea how to examine the gall bladder. Review the procedure, 
@ Schedule patient for examination. 
@ Provide patient with instruction sheet and media. 


@ Take preliminary films without coning field on 10 x 12 cassettes. Some- 
times these are done before medium is given. Check position, filling and 
freedom of field. | 


@ Perform the exposures; PA, Lateral, PA Oblique, Upright, Right lateral 
decubitus or AP positions. Do only those positions used by your clinic 
or ordered by your doctor. 


@ Give a fatty meal. 


@ Take your post-fatty meal films as ordered by the doctor or those listed 
as routine in your clinic, 


You should now know what Priodax, Telepaque, Teridax, Cholografin are, how 
they are used, what reactions you might expect from themand what theydo. You know 
some of the names used to identify examinations of the gall bladder, how to prepare 
the patient for the examination, what positions are used and what a fatty meal per- 
forms in the examination. 


The next section will tell youabout the procedures used for examining the urinary 
system. Examinations of the urinary system are done very frequently inthe Air Force. 


THE URINARY SYSTEM 


The urinary system is examined to show the entire system, various conditions 
or parts of the system. Special procedures for the visualization of the parts of this 
systemare varied. In some examinations the actual function of the system is studied, 
and in others the outline of the various organs forms the basis for the examinations, 


ANATOMY OF THE URINARY SYSTEM 


The X-ray technician is primarily interested in where the various organs of the 
system are located and what they look like in their normal condition. He is also in- 
terested in changes in the appearance of the organs made by the shifting of positions 
and the filling of the organs with medium. 


The urinary system consists of two kidneys, two ureters, a bladder and a ure- 
thra, 


The kidneys are bean-shaped. They are about four inches long and two anda 
half to three inches wide. The left kidney may be a little longer than the right. They 
sit in the posterior wall of the abdomen with the upper third in front of the twelfth 
rib. The upper half of the right kidney is behind the liver. Anteriorly, the kidney 
can be found on the transpyloric plane. Posteriorly, their centers are found on the 
level of the first lumbar spinous process. When the patient stands the kidneys will 
drop down about one inch from the position they assume in the supine position. 


The ureters begin in the hilum of the kidney. The funnel-shaped part of the 
ureter, at the upper end, is called the renal pelvis. Above this pelvis are the calyces 
ofthe ureters. The ureters extend down 10 to 12 inches and enter into the lateral wall 
of the bladder. The ureters enter the bladder about 1-1/2 inches above and lateral 
to the symphysis pubis. As the ureters come down from the kidneys they pass in front 
of the psoas muscle and the sacro-iliac joint. The ureters will exhibit peristaltic 
motion that brings the urine down to the bladder. 


The bladder is a musculomembraneous sac that holds the urine. In adults, it 
is located mostly above the symphysis pubis, but part of it will lie below it. In infants 
and small children you will find it located above the symphysis pubis. When the blad- 
der of the adult is full it can extend 3 inches above the symphysis pubis, 


NAMES OF EXAMINATIONS 


The names of the various examinations of the urinary system will tell you what 
type of procedure is to be followed. 


Urography This refers to the overall examination 
of the urinary system and does not 
differentiate between types or areas of 
examination. 


Nephography This term is not often seen or used. It 
has the same meaning as urography. 
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Intravenous Pyelography (IVP) This is an examination of the function of 
the urinary system. It is performed by 
injection of the contrast medium into a 
vein. 


Retrograde Pyelography This procedure is the injection of the 
contrast medium through a cystoscope 
or catheter to outline the various organs 
of the system. 


Cystography This is the injection, by catheter or 
cystoscope of medium into the bladder. 


Urethrography This is the outlining of the urethra with 
contrast medium. . 


REASONS FOR EXAMINING THE URINARY SYSTEM 


As has been said, the urinary system is visualized to diagnose a number of 
conditions. The urinary system is radiographed to show urinary calculi in the kid- 
neys, ureters, and bladder. These are the familiar kidney stones. Sometimes these 
can be seen and other times the ''stone'' is of material which cannot be seen on a ra- 
diograph. The kidneys are examined for dilation of renal pelves, ureteral constric- 
tions or kinking, tumors and anomalies, The bladder can show foreign bodies and 
"stones'', either developed in the bladder, or brought down from the kidneys or ure- 
ters. It is also examined for diverticula (which are pouchlike projections from the 
wall), tumors, and congenital defects. The prostate gland and the urethra are also 
examined for calculi. Probably calculi will be the most common cause for examina- 
tion of the tract. Because some of the conditions that can affect these organs also 
can affect your procedures, you will be modifying your techniques a great deal as to 
position and number of film. There are many confusing shadows that can occur in 
this area and sometimes it will take more than the normal routine demonstrations to 
get an accurate diagnosis. 


CONTRAST MEDIA USED FOR URINARY SYSTEM 


There are a number of contrast media that are used to visualize the urinary 
system. Most of these will require a sensitivity tests, as they contain iodine. Again, 
the preference of the doctor or the purpose of the examination will determine just 
which media will be used in your clinic. Some of these media have been used for 
some time in the Air Force and others arenew developments which offer certain ad- 
vantages, such as increased density or reduced reactions. 


UROKON SODIUM. Urokon sodium (Sodium acetrizoate) is a medium used 
for both intravenous pyelography and the retrograde pyelography. It comes in solu- 
tions of 30% and 70% concentration. It is a sterile aqueous solution supplied-in am- 
pules or bottles. Each ampule or bottle contains 25 cc. of the solution. The iodine 
content is 65.8%. The medium is rapidly excreted unchanged in the urine. 


The usual adult dose is 25 cc. of the 30% solution for intravenous pyelography. 
It is injected over a period of 2 to 5 minutes. X-rays are usually taken at 5, 10, 15 
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and 30 minute intervals after the injection is completed. In children, the doses will 
be smaller and the doctor will tell you how much will be needed. 


This medium will cause various type reactions in some people. These reactions 
can be a feeling of nausea, vomiting, pain in the arm at the site of injection, flushing, 
urticaria, or a strange taste in the mouth. These reactions are usually short in du- 
ration. The patient should be informed of these possible reactions so that he will not 
have fear of them during the procedure. The patient can be relieved of some of the 
symptoms if he breathes deeply and relaxes himself as much as possible. A sensi- 
tivity test should be taken before the medium is injected. 


Depending upon the degree of contrast desired, a full 30% solution is given in 
the retrograde examination. Or it can be diluted as requested by the doctor. 


DIODRAST,. Diodrast (Iodopyracet Injection) is a colorless, aqueous solution 
‘with approximately 50% iodine content. It is also used for both intravenous and re- 
trograde pyelography. 


In the intravenous examination, 20 cc. to 30 cc. of a 35% solution is used in 
adults. For children, the dosage is given according to age or as your doctor orders; 
5 cc. under 6 months, 6to 10 cc. for those 7 months to 3 years and 10 to 20 cc. for 
those who are 4 to 8 years old. Diodrast may also be given intramuscularly to those 
people who have inaccessible veins, It is given in the buttocks; half of the total in- 
jection in each one. Adults will receive from 20 to 30 cc. and children 10 to 20 cc. 
The medium may also be injected subcutaneously if ithas been diluted about four times. 


When the retrograde examination is done, 20 cc. of a 15% to 20% dilution of the 
solution is given. 


Diodrast may cause a feeling of warmth, flushing, nausea, vomiting, cyanosis, 
eruptions of the skin, or dyspnea. Each box of Diodrast contains a sensitivity ampule 
with each of the larger injection ampules. 


Diodrast comes in 35%, 50% and 70% solutions. Diodrast in 35% strength is 
packaged in boxes of 1 to 25 ampules with 10 cc., 20 cc., or 30 cc. in each ampule. 


SKIODAN SODIUM. Skiodan sodium (Methiodal sodium) contains 52% iodine. 
It can produce dense shadows and is excreted in the urine without change. It is usually 
non-irritating when injected directly into the urinary tract. 


For intravenous pyelography a 40% solution of 50 cc. is given to adults. The 
doctor will determine the amount to be given to children according to their age. Re- 
trograde examinations will use a solution of 15% to 20% and cystograms from 3% to 
5%. 


Skiodan will present the same type of media reactions as the others already 
mentioned. 


NEO-IOPAX, Neo-iopax (Sodium iodomenthanate) is aclear, colorless solution 
containing 51.5% iodine. It is used for both intravenous and retrograde pyelograms. 
It is used to test the function of the excretional capacity of the kidneys. 


Adults are injected with 20 cc. of the 50% solutionand children with 10 cc. For 
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retrograde pyelograms the solution is diluted to 20% concentration with sterile, dis- 
tilled water. If the examination is to show both sides 25 cc. is used and only 15 cc. 
is used to show one side. 


Neo-lIopax comes in solutions of 50% and 75%. The 50% has 10, 20, or 30 cc. 
ampules in boxes of 5 and 20 ampules. 


Observation for reactions similar to the other media should be kept. 


Other contrast media coming into use for the examination of the urinary system 
are Hypaque, Renografin and Miokon. These are used for other types of examinations 
as well as for urography, but the principle of use is about the same, The main search 
of the new contrast media is to find those which will offer less reactions. These new 
contrast media do offer some improvement. 


EXAMINATIONS OF THE URINARY SYSTEM 


The technician has a number of duties to perform in preparing the patient for 
the examination, and sometimes is required to do more unusual positions. In larger 
hospitals, the examinations are performed by the urologist. He has a special piece 
of equipment which is a combination of a urology table and an X-ray machine. Ra- 
diologists, of course, do a great many of the examinations, but you should know that 
you may work in both areas. The examinations are termed excretory when the in- 
travenous method is used. This is performed more commonly than the retrograde. 
It is used to test function as well as to outline various conditions. The retrograde 
type of examination is known as the instrumental method because a cystoscope and 
catheter are introduced through the urethra into the bladder. The medium is then in- 
jected through the instruments into the organs. This method is used to outline the 
organs into which the medium is injected. Also this method provides a denser concen- 
tration in these organs than is obtained in the intravenous method. However, the use 
of instruments is disagreeable and sometimes cannot be used when certain conditions 
exist, so the intravenous method is usually easier to perform. 


PREPARATION OF THE PATIENT. It is essential that the alimentary tract be 
free of gas and feces so that it doesn't cover the area to be examined. Generally the 
patient will take a cleansing enema at least 1 to 2-1/2 hours before the examination. 
Some time before the examination the patient may be placed on a low residue diet. 
Laxatives can also be given, but all of these preparations will be ordered by the doc- 
tor. If there is agreat deal of gas a preparation known as Pitressin may be injected. 
From 0.5 to 1 cc. of this solution is injected intramuscularly about 1 hour before the 
examination is to begin. It helps to eliminate the gas. Also gas is removed by in- 
serting a flatus tube into the rectum. And, of course, in some clinics patients are 
examined without any type of preparation. However, a basic preparation procedure 
is usually followed in the Air Force as described below. 


@ Patient is scheduled for examination in the morning. 


@ He is instructed to take a laxative the night before the examination and 
a cleansing enema. 


@ He is told to restrict fluids and food until he has his examination. A 
fluid restriction is necessary in the intravenous method to provide con- 


centration of the medium in the urine. Normal fluids will dilute the me- 
dium and the contrast may not be great enough to reveal the system. 


@ He will take a clear water enema about 2 hours before examination. 


PREPARATION OF EQUIPMENT. The technician prepares the medium, in- 
jection equipment, and obtains compression equipment to be used during the exami- 
nation. He also prepares the patient for a sensitivity test. This test may be given 
by the technician, radiologist, or done.in the allergy clinic. The skin test, injection 
test, or the eye test can beused for sensitivity. The skin test is the intradermal in- 
jection of a small amount of medium into the skin of the forearm. It is watched and 
if there is not a reaction in 5 to 10 minutes the injection is given. The intravenous 
injection method is the injection of a small quantity of the solution into the vein. If 
there is no reaction in 10 to 15 minutes, the injection can be made. The eye test is 
simply placing a drop of the solution in the corner of the eye. If the eye becomes in- 
flamed or red the patient is sensitive. 


In any event, even after sensitivity tests have been given, some type of drug is 
available during the examination in case of sudden reactions or increase in severity 
of normal reactions, In the Air Force the usual drug is adrenalin. Twocc. of the 
drug is placed in a syringe and kept near the patient. Other drugs used to combat 
media reactions are Bendryl, levarterenol, and amobarbital sodium. Your doctor 
will tell you which will be prepared. You should have a basin available in case the 
patient becomes nauseated. : 


Now that you-have a general idea of what you are going to do, you will study 
each method that you will probably have to perform. 


INTRAVENOUS PYELOGRAPHY 


The patient is dressed in a cotton gown. The radiographic table is prepared by 
placing the shoulder rests on the table and also the foot board is attached. The in- 
jection tray is prepared with the contrast medium, needles and syringes, adrenalin 
syringe, tourniquet, sensitivity test equipment, alcohol sponges and basin. The sen- 
sitivity test is given and patient watched for reactions. 


The patient is positioned on the table in the anterior-posterior position. He is 
informed of the normal reactions he may experience. The technician will place the 
compression apparatus into position. This compression device is a restraining band 
on the table with a rubber, air-filled bladder or a non-opaque towel or pad under it. 
Care must be taken to see that there are no folds in the patient's gownor in the band 
that will cast shadows onthe film. The compression pad is placed on the abdomen 
above the symphysis pubis and the restraining band is tightened as much as the patient 
can bear. This device will prevent the medium from escaping into the bladder and 
help concentrate the dye in the kidneys and ureters. Some doctors will prefer that 
the table be tilted in the Trendelenburg position so that natural gravity will slow the 
medium's flow to the bladder, 


Prior to the application of the compression device a preliminary film is taken 
to investigate the cleanliness of the area. This film will sometimes show a condition 
without the medium so the examination may not have to be performed. The film will 
be positioned so that it will include the entire urinary system. Thus the lower border 


of your film should be at the level of the symphysis pubis. 


After the doctor looks at the preliminary film he is readyto begin the procedure. 
Youwill place the tourniquet around the patient's arm. THE DOCTOR WILL INJECT 
THE MEDIUM into the antecubital vein. This injection process will take from 2 to 
5 minutes depending on the medium. 


Using 14x 17 cassettes and keeping the patient in the AP position, you will 
take films at 5 minutes, 10 minutes and 15 minutes after the end of the injection. 
Each time they should be taken at the end of inhalation. Keep the patient on the table 
with the compression in place and at the end of another 15 minutes take a film in the 
upright position. This position will show the bladder filled with the medium. Each 
film should have a time and position marker on it so it can be identified. 


A SHORT REVIEW OF IVP 

@ Patient is scheduled for morning examination. 

@ Patient instructed to abstain from fluids and food from supper until after 
the examination. He is also instructed to take a laxative or enema if 
ordered. | 

@ Patient reports to clinic at appointed time. 


@ Technician prepares injection equipment and radiographic room. 


@ Patient is dressed in cotton gown and placed in the anterior-posterior 
position on the table. Compression applied, if required, 


@ Preliminary films taken and read. 
@ Sensitivity test is prepared and given. Watch for reactions. 


@ Contrast medium is prepared; tourniquet applied; doctor injects 
medium from 2 to 5 minutes. 


@ Films are taken 5, 10 and 15 minutes after injection. The upright film 
is the 30 minute film with the compression device removed. Films may 
be read in between and additional exposure and positions used to com- 
plete the examination. 


After the examination is over the contrast medium is eliminated in the urine. 


RETROGRADE PYELOGRAPHY 


The patient will be examined in the urology clinic or in a room reserved in the 
radiographic department for this procedure. Usually a G. U. technicianis available 
for the procedure, but you may be involved. Each doctor will use the type of equip- 
ment he prefers and this varies from clinic to clinic. A sterile technique is used in 
this type of examination. The equipment will include a cystoscope which is introduced 
into the bladder. A catheter is inserted into the cystoscope and directed into the 
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ureters. The contrast medium is injected through the catheter. About 5 cc. to 20 cc. 
is used. The injection is made until the patient complains of slight discomfort in the 
back. This will indicate that the first exposure is now ready to be made. The doc- 
tor will hold the pressure on the medium until the exposure is made. This prevents 
the medium from dropping down out of the pelvis before the exposure can be made. 
This filling of the ureters and the kidneys may be followed under the fluoroscope also. 


You will normally find the patient in the anterior-posterior position, and this 
position is the one used to take the radiographs. However, the doctor may direct 
other views such as an oblique or a tube angulation. You, as an X-ray technician, 
will generally be required to take the radiographs only. The patient preparation and 
the injection of medium, etc. will be done by the doctor and the G. U. technician. 


If you do help in the preparation of the patient you must prepare the patient for 
the doctor. He will perform the actual visual inspection, insertion of the cystoscope 
and the catheter and inject the solution into the organs. 


HOW DO YOU PREPARE FOR RETROGRADE PYELOGRAPHY? The patient 
is encouraged to take as much fluid as he can, instead of restricting fluid as in the 
intravenous method. This procedure is required because the doctor will sometimes 
collect specimens from the kidneys as well as outline the system. Your patient should 
be assured that the procedure will only cause mild discomfort. Some patients have 
a definite fear of work being done within their bodies while they are conscious. The 
patient is then scrubbed around the genital area with a preparation knownas PhisoHex 
and water to create a sterile area. A perineal towel with a 3 x 3 hole in it is placed 
over the genitals and the draping completed with a perineal sheet. 


Retrograde pyelography is usually done under local anesthesia. The anesthesia 
usedcan be Metycaine 4% or a 2% solution of Aqueous Xylocaine. The female urethra 
is more sensitive at the meatus so a cotton tip is used to place the anesthesia on it to 
deaden the feeling. In the male an Asepto syringe equipped with an acorn tip is used. 
The anesthesia is injected into the urethra and a clamp is placed about the penis to 
hold the drug in for a few minutes. 


PROCEDURES OF EXAMINATION, While the sterile field is maintained the 
doctor will introduce the cystoscope into the urethra and bladder. Through the cysto- 
scope he will insert catheters into the ureters and inject the amount of contrast medium 
that he desires. Prior to theuse of the cystoscope and contrast medium he may have 
made another type of test of kidney function. This is the injection of phenolsulfonphtha- 
lein into the vein. This solution then circulates through the system into the kidneys 
where it will reveal the functional ability of the kidneys. When the doctor inserts the 
cystoscope andcatheters he may take a sample of the urine in the kidney pelvis. The 
amount of this solution that appears in the sample after a period of time helps to de- 
termine the ability of the kidney to function adequately. The injection of the contrast 
medium and the phenolsulfonphthalein test are sorietimes done together in one exami- 
nation. 


The number of films and amount of time between films will be determined by 
the doctor. He may want one after full injection as has been stated and then others 
periodically. He may want obliques, AP's or sometimes stereoscopic views. There 
is no prescribed manner of procedure so you must be alert to all situations so that 
you won't need to repeat your films. 
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You now have knowledge of the retrograde procedure. One word of caution must 
be made in regard to handling the equipment. The cystoscope is a very delicate in- 
strument and costly. Whenever you are required to handle it be sure that you don't 
scratch it or dropit. It is made so that the surface is extremely smooth. A rough 
scratch on the instrument can cause injury as it is inserted through the lining of the 
urethra. | 


CYSTOGRAPHY 


Cystography is the examination of the bladder with contrast medium. In the 
preparation for this examination your patient will take laxative and cleansing enema 
12 hours before the examination is scheduled. These examinations are scheduled in 
the morning as are the others. The patient is told to restrict solids and fluids from 
supper the night before until after the examination. This is to prevent excess urine 
from forming and to Keep the bowels free from material. Another clear water enema 
is given 1 to 3 hours before the examination. 


The patient will report to the examination room and be prepared as was done in 
the retrograde procedure. The doctor will insert the largest cystoscope that the ure- 
thra can take into the bladder. The doctor selects the medium and the solution is in- 
jected so that there is enough to distend the bladder. As may be expected, he must 
clamp off the catheters so that there will not be an outflow of the solution. 


A 10 x 12 lengthwise film is placed in the bucky tray. The tube is centered as 
in the AP pelvis, and then angled 10 to 15 degrees toward the feet. Center your film 
to coincide with the central ray. The doctor may want AP's, PA's, obliques, or stereo 
views, so thereis no specific routine position in these examinations either. The first 
film is taken with the bladder full. Any second or subsequent film will be up to the 
doctor conducting the examination. 


Air is sometimes used instead of a solution as a contrast medium. Air will 
show up certain conditions that a contrast solution may cover up. This is then known 
as pneumocystography. 


URETHROGRAPHY 

Urethrography is the visualization of the urethra. The medium may be air or 
a contrast solution. The contrast solution may be mixed with acacia, which is a sub- 
stance that causes the medium tocling to the sides of the urethra, This mixture will 
allow the medium to outline the urethral passage. The urethral meatus is clamped 


to prevent the outflow of the medium after it has been injected by the doctor. 


Usually a lower penetration technique is required for the penis portion of the 
urethra. The oblique positionis used to demonstrate the deep or posterior urethra. 


BEHIND AND AHEAD 


You should now know what an intravenous pyelogram, retrograde pyelogram, 
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cystogram and urethrogram are, how you prepare your patient for them, what your 

duties are, what equipment is prepared, who performs the injections, and the positions 

you will be required touse in the examinations. As you have seen there is a definite 

need for teamwork between the doctor and the technician. Each procedure should be 
learnedthe way your doctor prefers them. If you have any doubts or confusion on any 

technique that is to be used, ASK YOUR DOCTOR BEFORE YOU BEGIN. It is im- 
perative that a technician is accurate in his duties. It is better to ask questions than 
spoil an important examination. 


In the next section you will learn the procedures used in examination of the di- 
gestive system with barium sulfate solutions, You will learn how to do esophagrams, 
GI series and bariumenemas. These examinations will be almost routine in a number 
of Air Force clinics, In these procedures you will see fluoroscopy, spot-filming and 
routine radiographic work combined. 


THE DIGESTIVE SYSTEM 


The examination of the digestive system with fluoroscopy and radiographic 
techniques is the next most common procedure performed in X-ray. Most of these 
examinations are performed on individuals over thirty years of age, but they can be 
done on younger persons. There area variety of conditions that will cause your doc- 
tor to examine the organs of the tract. You will learn a few of these, how to prepare 
your patient for the examinations, what medium you will use, how to set upyour room 
for the examinations, etc. 


ANATOMY OF THE DIGESTIVE SYSTEM 


Review the basic anatomy of this system in Chapter IV. As you know, the sys- 
tem is made up of the mouth, pharnyx, esophagus, stomach, duodenum, jejunum, 
ileum, ascending colon, transverse colon, descending colon, sigmoid, rectum and 
anus. The system is one hollow tube with dilations along its various points for spe- 
cific functions, and a change in diameters in various places. 


An important fact tobe considered is the time that it takes toempty the various 
segments of the digestive tract. When you are using a contrast medium it will be up 
to your doctor to determine what is normal time for passage through each section. 
You will find a variety of times offered for the passage of material through each sec- 
tion of the system. 


Generally there will be more peristalic action in the upper sections of the sys- 
tem than in the lower. This is important to remember when you are setting time for 
your techniques. It will take from 0.1 to 0.3 seconds for food to pass through the 
esophagus to the stomach. Of course, this will depend an the type of food swallowed- 
liquid or solid. Because the stomach is churning when some material is present in 
it, motion is produced during exposures. The exposure should be as fast as possible. 
The duodenum will show more peristalsis, but as the intestines extend peristaltic 
action will become more sluggish. 
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NAMES OF THE EXAMINATIONS 


The various names that are given to the examinations of the digestive system 
will generally refer to the area to be examined. 


Esophogram This is a radiograph of the esophagus. 


Barium Swallow This is a procedure to demonstrate the esophagus 
or surrounding organs by taking films while the 
patient is swallowing a contrast medium. 


Gastro-Intestinal This procedure is filling the digestive tract with 
Series (GI Series) contrast medium by having patient drink a solution 
and then studying its progress through the system. 


Barium Enema (BE) This is the administration of the contrast medium 
into the large colon using an enema, 


Double Contrast This is the use of an enema of an opaque contrast 
medium and, then, after removing this medium, 
injection of air into the colon as a second medium. 


REASONS FOR EXAMINING THE DIGESTIVE SYSTEM 


Probably one of the most common reasons for examining the digestive system 
is to check for ulcers orcancer. Ulcers will occur in the pyloric section of the stom- 
ach or along the upper or lesser curvature. These ulcers are the common peptic 
ulcers. Ulcers also occur in the region of the duodenal cap or the first part of the 
duodenum. These are duodenal ulcers. This condition is the eating away of the dead 
tissue which is caused by a number of different things. This material is digested 
just likea piece of meat is digested. When this digestion of the tissue continues there 
can be a "perforation" of the wall of the stomach or duodenum. This is what makes 
the ulcer so dangerous, The hydrochloric acid in your stomach keeps annoying the 
area near the pylorus or the duodenal cap until a hole is made and the contents spill 
out into the abdominal cavity. Ulcers do not occur below the duodenal cap frequently, 
because the bile and pancreatic juices are alkaline and they neutralize the acid which 
is necessary in eating away the dead tissue of an ulcerated area. 


Cancer of the stomach is another disease. This will generally occur in the 
pyloric end of the stomach. It is also found in the lower end of the esophagus and the 
sigmoid or rectum portions of the large intestine. However, cancer can be found in 
other areas of the digestive system. 


The motility or amount of motion of the stomach, the filling of the various sec- 
tions, the emptying times of these parts of the digestive system, or the dilation of 
various areas are reasons for examination of the digestive tract. 


The thing to remember about each examination of the. digestive system is that 
each person will be an individual case. The routine procedure will vary from doctor 
to doctor and from patient to patient. 
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CONTRAST MEDIA FOR THE DIGESTIVE SYSTEM 


Barium sulfate is the contrast medium for the digestive system. This medium 
is a white powder that is mixed in various ratios with water to form paste, thick or 
thin solutions. The consistency of the medium will depend on the region in which it 
will be used. The-medium has a number of different trade names. Some of theseare 
Basolac Barium, Gastropaque and Baroloid. The barium sulfate comes in canisters 
of 1 and 5 pounds. These cans should be kept closed when not in use. 


ESOPHAGRAM (Barium Swallow) 


This is the examination of the esophagus and is also used to show the displace- 
ment of other ‘surrounding organs, If the esophagus is not in the proper position, then 
there may be a growth or some other condition in the heart, great vessels or lung. 
However, the procedure is mainly performed for visualization of the esophagus. It 
will show lodged foreign bodies in the tube, conditions that effect the act of swallowing, 
cancer of the lower esophagus, etc. 


PATIENT PREPARATION. Preparation of the patient is not necessary if the 
esophagus is the only organ to be examined. If it is a part of the GI series, there 
will be additional preparation. The patient is allowed to eat and drink as he wants, 
He will report to the clinic at the scheduled time. He will be undressed and given a 
cotton gown to wear, 


The technician will set the radiographic room up prior to the time of the exami- 
nation. The table will be placed in the upright position. The machine will be set on 
the settings required by your doctor for fluoroscopy. You will make up the barium 
sulfate solution and have it ready for the examination. 


There will probably be two mixtures that will beused. Oneis barium in a paste- 
like form made from 6 to 8 tablespoons of barium mixed with water. The other will 
be athinner liquid made with two parts barium to one part water. A spoon will be 
necessary to feed the paste to the patient. 


You will do the examination with fluoroscopy and, possibly, spot-films. The 
films should be ready for thedoctor. After the fluoroscopy you will use 14 x 17 inch 
films for radiographic examination. 


FLUOROSCOPING. Fluoroscoping will bedone by the radiologist. The patient 
will be in the upright position. The footboard of the table will be in place and the 
patient will stand on it. The patient is usually in position with his left posterior sur- 
face against the table and the right anterior surface next to the screen. The doctor 
will perform a preliminary screening by running the screenup and down the patient's 
body. After this is finished, he will request you give the patient the medium. You 
will take a spoonful of the medium and hand it to the patient. The patient will take 
the barium paste and hold it in his mouth until the doctor tells him to swallow it. 
The doctor may also examine the patient swallowing the thinner solution. This may 
be done several times and the doctor may take some spot-films. You should have 
cautioned your patient about the taste of the barium paste and the necessity of con- 
trolling any gagging reaction. Sometimes the mixture is flavored with chocolate or 
some other flavoring to make it better tasting. Take a little barium paste yourself 
so you can see what the patient will feel like. 
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RADIOGRAPHING. Radiographic films are taken when the fluoroscopy is fin- 
ished. The films can be done in the upright position or with the patient lying down. 
The patient takes a deep breath, swallows the barium and then the exposure is made. 
This action will slow the progress of the barium down the esophagus and allow the 
tube to become coated. This is rather important because the medium may reach the 
stomach before the exposure can be made and you will not get as good anoutline. De- 
pending upon the thickness of the solution, you will count from one to three after he 
swallows the barium and then make the exposure. This will give the barium time to 
coat the esophagus. The time of exposure should be as small as possible. 


The usual routine view for the esophagus isa right anterior oblique (RAO). 
However, you will do left anterior obliques, right posterior obliques or left posterior 
obliques. The positions used will be determined by your radiologist. You candothese 
either upright or recumbent. The film is centered to the fifth thoracic vertebra so 
you will be sure to include all of the esophagus. 

A SHORT. REVIEW OF THE ESOPHAGRAM 

@ No preliminary patient preparation necessary. 
Prepare barium sulfate in two mixtures - a paste and a solution. 


Have patient put on cotton gown. 


Position table and set machine for fluoroscopy. 


On request of doctor give patient spoonful of barium paste. The patient 
will be given the thinner mixture to hold in his left hand. He will drink 
it on doctor's orders. 


@ Take radiographs with patient in RAO, LAO, LPO, RPO, as directed by 
doctor. This can be done in either the erect or recumbent positions. 


@ Have patient swallow barium after full inhalation and then count before 
making exposures. Center film to fifth thoracic vertebra. 


GASTRO-INTESTINAL SERIES (G. I. SERIES) 


This is an examination of the stomach and small intestine with barium sulfate. 
You will use fluoroscopy, spot-films and radiographic procedures in these examina- 
tions. The mixture of the barium will determine, to some extent, the amount of time 
that it takes to empty the various sections of the tract. Some doctors will want hour- 
ly films for five hours. Others will only requesta one hour film and then a five hour 
film after the medium is given. Each examination will be an individual problem and 
you will receive the proper orders from your doctor as to what he specifically wants 
you to do. 


PATIENT PREPARATION. Preparation of your patients will start by scheduling 
them for examination in the morning. The patient will be restricted for at least 12 
hours from food and drink. The bowels should be free from gas or feces, so an en- 
ema should be takenon the night before the examination. Another clear water enema 
can be taken at least three hours before the examination. 
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MEDIA PREPARATION. Preparation of barium sulfate solution is done prior 
to the examination. It will be made with one part barium to one part water. The 
formula will vary from doctor to doctor. The solution is mixed in an electric mixer 
if you have one. You must see that the solution is thoroughly mixed before it is given 
to the patient. ) 


PREPARATION OF EQUIPMENT. Youwill put the table in the upright position 
with the foot rest attached to the table. The machine is set for fluoroscopy. The 
fluoroscopic chair, lead aprons, lead gloves, anddarkadaption goggles are made ready 
for the doctor. Skin pencils are made available. These are red or blue wax pencils 
used by the doctor to make marks on the patient's skin for positioning purposes. Also 
compression devices for spreading solution in the stomach are made available. You 
will keep a spoon or stirrer handy to stir the solution again before it is given to the 
patient, as the solution settles after standing awhile. The patient is dressed ina 
cotton gown and the procedures are explained to him so he will understand what he is 
expected to do. Spot-films are readied and the equipment checked to see that it will 
operate as expected. 


FLUOROSCOPIC EXAMINATION. After the doctor has adapted himself to the 
darkness he will begin the examination. The patient will be positioned with his back 
to the table. The doctor will perform the preliminary fluoroscoping. At the request 
of the doctor, you will give the patient the glass of barium solution to hold in his left 
hand. You will caution him to hold it at shoulder level so the doctor won't strike his 
arm with the screen and spill it. The doctor will tell the patient to take a swallow of 
barium and then will fluoroscope again. After the patient has drunk the solution, the 
doctor will fluoroscope and make spot-films of the stomach and duodenal cap as he 
wishes. You will keep him supplied with films as he needs them. He may place the 
patient into the horizontal position after the upright fluoroscoping and again fluoroscope 
and take spot-films. He will mark the patient with the skin pencils to helpyou locate 
the stomach for later films. 


FILMS. Radiographic films are taken after the fluoroscopic examination is 
completed. Sometimes these films are taken on the same table where the fluoroscopic 
procedures were performed, but in busy clinics the patient may be sent to another 
room for these films. 


You will take a variety of films on these patients. The two most common po- 
sitions that are used for routine view of the stomach are the posterior-anterior and 
the posterior-anterior oblique. You may be required to take two PA's or two PA 
obliques. The two obliques can be taken with the body rotated 36° and 60°. You may 
also be called upon to perform anterior-posterior positions and right laterals. These 
positions may be either erect or recumbent, but most of the time the patient will be 
recumbent, Each case will be an individual case and films will be made on orders of 
your doctor. 


It must be kept in mind that the stomach will change positions when the patient 
moves from the recumbent to the erect position. You should center your film accord- 
ingly. Youwill beusing 10 x 12 cassettes for the stomach and duodenum and a 14x 17 
cassette for the small bowels. You will probably use a 14 x 17 in some cases for the 
stomachas well. The main thing to remember is the body habitus and that the position 
will affect your centering. You will gain proficiency from experience in localizing 
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these structures, Markers should be placed on these films to tell which position was 
used. 


After the first series of films have been taken, the patient will return for films 
at one, five and possibly twenty-four hours after eating the barium meal. Some pro- 
cedures will require a four-hour or a six-hour film. These time films will vary de- 
pending upon your doctor and the purpose for which they are taken. Markers should 
be placed on each film designating the time of the film. 


Films for the small intestine or large intestine, taken to followthe meal through 
the intestines, are taken on 14 x 17 cassettes with the patient in the posterior-anterior 
position. 


A SHORT REVIEW 
@ Patient scheduled for examination in morning. 


@ Patient restricted from food and drink for at least 12 hours prior to 
examination, 


@ Enema taken night before to remove gas and feces from colon. Clear 
water enema given at least 3 hours before examination. 


@ Examination set up for fluoroscopy. Barium sulfate solution mixed with 
one part barium to one part water. Spot-films ready for use, Fluoro- 
scopic chair, lead aprons, lead gloves and skin pencils ready for use by 
doctor. 


@ Patient dressed in cotton gown and given instructions. 


@ Dark adaption made by radiologist and technician, (This is usually done 
the first thing in the morning by putting on the goggles. ) 


@ Preliminary fluoroscopy by doctor. Technician stirs solution and hands 
it to patient who will hold it at shoulder level with left hand. 


@ Patient drinks solution; doctor fluoroscopes and takes spot-films as he 
examines. Doctor marks patient with skin pencil. . 


@ Radiographic films taken in posterior-anterior, posterior-anterior 
oblique, anterior-posterior or right lateral as ordered, Films made 
in either erect or recumbent positions. 


@ After first films are taken, additional films will be taken at one, five, 
or twenty-four hours after meal or as the doctor orders. 


BARIUM ENEMA 


The barium enema is used to visualize the large intestines. The medium is in- 
jected into the rectum with enema apparatus under fluoroscopic control. There are 
two methods used. One is the single medium of a barium sulfate solution. The other 
is the use of air injected into the colon after the solution has been expelled. The air 
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injection is called the double contrast method. The barium that is left in the colon 
is pressed against the sides of the tube and gives a very clear outline of the large in- 
testine. 


PATIENT PREPARATION. Preparation of the patient starts with scheduling 
the examination in the morning. The patient is advised to restrict himself to light 
meals and is given a laxative on the night before the examination. On the morning of 
the examination, he is given a clear water enema at least 3 hours before the exami- 
nation. An enema will cause a slight irritation to the mucosal lining of the colon, so 
the enema should be given early enough to let this irritation subside before the regular 
examination begins. Instruction is given to the patientas to what is happening and what 
he is expected to do. 


SOLUTION. The barium enema solution is made prior to the time of the exami- 
nation. It will be a mixture of approximately 6 to 8 ounces of barium sulfate to one 
quart of water. You should fix at least two quarts of solution. Sometimes an ounce 
or two of acacia is mixed to help suspend the mixturein the colon. The water should 
be about 85 to 90 degrees. This temperatureis lower than the body heat and will stop 
some of the peristalsis in the colon. Inhibiting the peristaltic action is helpful in al- 
lowing your patient to retain the enema longer. 


PREPARING EQUIPMENT. Preparing the equipment is one of the main duties 
you will have. The patient is given the enema ona horizontal table, so the table is 
placed in a horizontal positionor sometimes in a slight Trendelenburg position. The 
barium sulfate solution is mixed as directed. You will need an enema can, rubber 
tubing, a disposable enema tip, a rubber sheet or towel to prevent any material from 
getting on your table, a kidney basin, petroleum jelly for the enema tip and an enema 
standard. Any film that you will need should be available. The machine is set for 
fluoroscopy. The lead aprons, lead gloves and other equipment used in fluoroscopy 
are made ready for the doctor. 


THE EXAMINATION. The examination begins when the doctor is fully adapted 
to the darkness. You will insert the enema tube, or have the patient insert the tube, 
into the rectum. This is done just before the doctor is to begin the examination. Be- 
fore insertion of the tube, the solution is poured into the enema can. A little solution 
is run through the tube into the basin to expel the air. You will stay in the room and 
administer the solutionas directed by thedoctor. If the patient feels cramps he should 
breathe deeply or the doctor will tell you when to stop the flow of the solution. The 
doctor will observe the filling of the colon and will give you orders when to stop the 
flow of the solution. The patient will beon his stomach in the Sims position when the 
enema is started. Later the doctor may have him roll over on his back without re- 
moving the enema tip. Whatever is done you should be sure that you know how your 
doctor performs his procedures. Because you will be doing this in the dark you should 
try to develop as much teamwork as possible with your doctor. After the doctor has 
fluoroscoped the patient you are ready to take the radiographs. The enema tip is re- 
moved and the patient retains the enema while the first films are made. 


POSITIONS. Positions used in the examination of the colon will be the posterior- 
anterior and the anterior-posterior. You will also use obliques for the sigmoid sec- 
tion and left laterals for the rectum. Your doctor will order those films which he 
wants. There may be other views that he will ask you to.take for him so, again, each 
case will be individual. After films of the filled colon have been taken, the enema is 
expelled and post-evacuation films are exposed. 
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DOUBLE CONTRAST METHOD. The double contrast method will have a few 
more steps to it. The patient is allowed to expel the barium and is then returned to 
the table. The enema tubeis inserted and air is injected into the colon by the doctor. 
Or the doctor will let the colon fill until the solution reaches the splenic flexure and 
then, putting the can onthe floor, allow the barium torun back into it. This will leave 
a thin stream of barium inthe colon and then the patient is rolled from side to side 
so the barium will coat thecolon. Air is injected into the colon forcing the remaining 
barium against the mucosal lining. Films are taken in the posterior-anterior and 
anterior-posterior positions. 


COMPLICATIONS. Complications can arise in the enema administration of the 
barium solutions. Usually this is the expelling of the solution before the examination 
is completed. The anal sphincter may not be able to control the solution. This may 
occur in old people, young children or in cases where weak control is apparent. This 
is solved by anumber of different methods and equipment. Mostly the use of a rectal 
tube with a suspending balloon isused. This type of tube has a balloon which is blown 
up inside of the rectum and blocks the return of the solution. Another means is to 
place a pad at the anus so the patient can press the anal opening and hold the solution 
in the colon. There are also enema tubes with a half ball pad attached so pressure 
can be applied to the anus. The doctor is responsible for the amount of injection of 
either barium solution or air, and the complications that can arise from this proce- 
dure. 


The main thing that pertains to the technician is cleaning up, of expelled solu- 
tions, from his film, table and equipment. You must be sure that you have complete 
control of yourself if this happens to you. The patient will suffer enough embarrass- 
ment without admonitions and looks of disgust from the technician. However, the 
technician should keep watch over the patient, encouraging him to retain the solution 
as long as possible and when it is apparent that this is no longer possible, allow him 
access rapidly to a restroom. You should perform your examinations quickly, mak- 
ing sure that each movement is necessary. 


A SHORT REVIEW 
@ The patient is scheduled for the examination in the morning. 


@ The patient is restricted to a light meal in the evening before the 
examination. The doctor may order a laxative to be taken that night. 
A cleansing enema may be ordered also. In the morning the patient will 
be given a clear water enema at least 3 hours before the examination. 


@ The technician will set the equipment for the examination. He will mix 
a solution of 6 to 8 ounces of barium to 1 quart of water. The water will 
be about 85 to 90 degrees Fahrenheit. An ounce of acacia may be added 
to solution. (Mix as directed by your doctor). 


@ The patient will be dressed in the cotton gown provided for him, 


@ The patient is positioned in the Sims position and all the necessary 
equipment for the administration of the enema is readied. 


@ The enema can is filled with solution. A little solution is run through 
the tube to expel the air and to check for free flow. 
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@ The enema tip is lubricated with petroleum jelly and either the patient 
or the technician will insert the instrument into the rectum. 


@ At a signal from the doctor the technician will allow the barium solution 
to flow. The doctor will watch the filling. 


@ After fluoroscoping, the patient will either be positioned with a filled 
colon in the posterior-anterior or anterior-posterior position, or the 
enema is expelled and air injected into the colon. Then the films are 
taken. 


@ In cases where only the contrast medium was used the films are taken 
with a filled colon; the colon is then emptied and post-evacuation film 
is taken. 


BEHIND AND AHEAD 


You now know how to perform the examinations for the esophagus, GI Series 
and barium enema. You should take every opportunity you can tosee these examina- 
tions and to help in preparing for them. You have some idea of how the barium is 
mixed in each case, what procedures the doctor is responsible for, and what you have 
to prepare and do during these examinations. You know what positions are used for 
the examination of the esophagus, stomach, small intestines, large intestines, sig- 
moid colon and rectum, 


Ahead you will learn how contrast medium is injected into the lungs so the bron- 
chial tree can be examined. As with other examinations the doctor does the main 
procedures and the technician assists as he is needed and takes the films. 


BRONCHOGRAPHY 


An examination that is done fairly frequently in the larger hospitals is broncho- 
graphy. The procedures are primarily the responsibility of the doctor. He will per- 
form any necessary anesthetization, inject the medium and order the films that will 
show him what he wants to see. You will prepare the medium, instruments and assist 
as you are needed, You will also take the required films. 


Bronchography is the injection of a contrast medium intothe bronchialtree of the 
lungs. It is performed for visualization of bronchiectasis, lung cavities, or growths. 


CONTRAST MEDIA IN BRONCHOGRAPHY 


LIPIODAL,. Lipiodal is one of the most common contrast media used in bron- 
chography. It is an iodized poppy-seed oil which contains about 40% iodine. The 
medium is a viscous, oily liquid withanonionor garlicodor. Lipiodal will decompose 
when subjected to air or sunlight. When it darkens from such exposure it should not 
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be used. The patient tolerates the mediumwell. It is absorbed very slowly and isn't 
irritating. The amount given will be between 10 cc. to 20 cc. or even more. This 
will be determined by your doctor. The medium comes in ampules of 10cc. and mul- 
tiple dose vials of 20 cc, 

IODOCHLORAL., Iodochloral is another medium used for bronchography. It is 
an iodized and chlorinated peanut oil. It contains 27% iodine. It comes in bottles of 
20 cc. One bottle is the usual amount prepared for injection. 

PREPARATION OF EQUIPMENT 


You may not be required to set up the equipment tray, but you should become 
familiar with it in cases where you might have to do this task. It contains: 


@ Cocaine - - local anesthesia 
Atomizer - - for spraying anesthesia 
Wooden or metal applicators 
Laryngeal syringe and cannula 
Laryngeal mirror 

Head mirror 

Warm water - - for warming medium 
20 cc. Luer Lock syringe 

Large caliber ureteral catheter 
Kidney basin for patient 


Sterile gauze 


Cotton pledges 


TECHNIQUES USED IN BRONCHOGRAPHY 


There are two methods you will see used for the injection of the contrast medium. 
The equipment that is used will depend upon which method is used. 


SUPRA-GLOTTIC METHOD. The supra-glottic method is the procedure in 
which the medium is dropped on the posterior surface of the tongue. It will run from 
the back of the tongue into the trachea and be aspirated into the bronchi. 


The patient is dressed in a cotton gown ready for the examination. A chairis 
built up on one side with blocks or the paticat is placed on the table in a leaning po- 
sition. Whichever position is used the head of the patient is kept erect so the oil will 
flow into the glottis. The leaning positior will allow the oilto run into the side of the 
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lung toward which the patient is positioned. 


The doctor will either spray or paint the patient's throat with cocaine or some 
other suitable anesthesia. You must warn your patient not to eat or drink anything 
while the throat is without feeling. ‘If you do not, he may eat or drink and pass the 
material into the lung instead of the esophagus. You can fully understand how disas- 
trous the results of that would be. The doctor will grasp the patient's tongue after 
he deadens the throat and injects the Lipiodal, in the 20 cc. syringe with the cannula, 
onto the back of the tongue. You will have to see that the medium is warmed enough 
to be easily drawn into the syringe and ejected from the syringe. 


With the patient in the seated position the lower lobes of the lung will be filled. 
If the doctor wants to fill the upper lobes the patient is turned on the proper side and 
the table is placed in a Trendelenburg position so that gravity will place the oil in the 
upper lobes. The injection of this medium may be done under fluoroscopic control, 
depending upon your doctor or the patient's condition. 


After the patient has had his lungs injected you will take your films. It is im- 
portant that you obtain the co-operation of your patient at the beginning of the exami- 
nation so that he will attempt to keep from coughing up the medium. This will be one 
of your major problems unless your patient knows what will happen. Keep encourag- 
ing him to retain the medium until you have all the films that you will require. Usually 
the injection is made quickly so the patient can be radiographed immediately. 


TRACHEAL CATHETERIZATION METHOD. In this method the medium is in- 
jected through the ureteral catheter which has been passed into the trachea under 
fluoroscopic control. 


The procedure of anesthetizing the larnyx is performed by the doctor. The pa- 
tient will usually be seated and leaning toward the side to be examined if the lower 
lobes are to be filled. For filling the upper lobes the patient will be in a lateral re- 
cumbent position on the table with the table in a Trendelenburg position. This method 
is used on children and young infants. 


TAKING YOUR FILMS 


Once the injection of the medium has been completed you radiograph the patient. 
You will use the normal positions suchas the PA, AP, obliques or laterals as directed 
by the doctor. If possible make sure that you know beforehand what films the doctor 
wants. Speed is important because it may be difficult for the patient to keep from 
coughing and removing the medium from the lungs. 


After the films have been taken, the patient is free to expel as muchof the me- 
dium as possible. There will be a small amount left in the lung which will eventually 
be absorbed. The period of time for this absorption will vary from person to person. 


HYSTEROSALPINGOGRAPHY 


This examination is done on the female patient for visualization of the uterus, 
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fallopian tubes and ovaries. It is used to check the opening of the passages in the 
fallopian tubes or it can be used to open them if they are closed. 


You will probably not be required to assist in the injection of the media in these 
cases. A nurse or a female technician is used in normal procedures. As an X-ray 
technician you will only take the films. Even in this task, you may find that the doc- 
tor will make the required exposures. 

The examination is done, in most cases, on a cystoscopic table that is equipped 
with stirrups. The patient requires a cleansing enema the night before the examina- 
tion and another in the morning before the medium is injected. 

EQUIPMENT USED FOR HYSTEROSALPINGOGRAPHY 
@ Bivalve vaginal speculum 

Uterine dressing forceps 

20 cc, syringe 

Cervical cannula with rubber stopper 


Contrast media (different types can be used) 


Mercury manometer to test pressure 


Tenaculum 


CONTRAST MEDIA USED FOR HYSTEROSALPINGOGRAPHY 


LIPIODAL,. Lipiodal is a medium that can be used in this examination. How- 
ever, the doctor will use caution in preventing the material from entering the circu- 
lation, A fat embolism may result if the medium enters the blood stream. An em- 
bolism is the blocking of an artery and vein with a clot or substance such as the me- 
dium. Injury can be incurred by blocking the circulation. 


SALPIX. Salpix isacontrast medium that has viscous properties needed for the 
examination, but is water soluble and will absorbif any.gets into the peritoneal cavity. 
The medium comes in packages of 6 vials containing 6 cc. each and others with 4 
vials containing 10 cc. of the medium. 


SKIODAN ACACIA, Skiodan acacia solution is a contrast medium made for 
hysterosalpingography only. The acacia provides the viscous element needed and 
the skiodan provides the opacity. It comes in boxes of 1 ampule of 10 cc. 


INJECTION PROCEDURE 


The patient is placed on a cystoscopic table with the knees resting in stirrups. 
The doctor inserts the vaginal speculum. This instrument will open the vaginal pas- 
sage so that the cervix of the uterus is visible. With the tenaculum forceps he will 
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hold the cervix and insert the thin cannula into the cervix canal of the uterus. A 
coned rubber stopper is pushed along the cannula and plugs the cervical opening 2% 
the medium cannot be released, The doctor will inject the contrast media through the 
cannula under slight pressure. About 10 cc. of the medium is used. 


RADIOGRAPHIC FILMS 


The technician will take films using the ordinary pelvic positioning techniques. 
There may be necessity for obliques or a posterior-anterior view, but the doctor will 
let you know what he needs. The films are sometimes taken at intervals during the 
injection, but usually immediately after the injection is made, 


BEHIND AND AHEAD 


You have now learned the ten most frequent examinations that are done in the 
Air Force. '"Frequent'' means those examinations that you will more likely perform 
in Air Force clinics. You know how to do a GB Series, GI Series, intravenous pye- 
lograms, cystograms, barium enemas, bronchograms, cholangiograms and hystero- 
salpingograms. 


Ahead of you are an additional series of examinations which you will see per- 
formed in the Air Force. You will become familiar with examinations such as sialo- 
grams, myelograms, ventriculograms, vasograms, abdominal anteriograms, enceph- 
lograms, angiocardiograms, and cerebral angiograms. Most of these examinations 
are performed by the radiologist or a specially skilled physician. The techniciaa 
need only be familiar with the examination so that he can assist as he is needed. You 
cannot be skilled in these examinations until you have done them often. In a fewclin- 
ics you may be able to get all the necessary training you can use, but in many clinics 
these procedures are rarely, if ever, done. This does not mean, however, that yo 
can ignore them. You should keep current dn the literature of your field so that you 
are not caught short when you are required to set up for one of these procedures. 
When you know where to look for the information on them you have half your battle 
won. | 


SIALOGRAPHY 


Sialography is the examination of the parotid and submaxillary glands. It is 
performed to show calculi and to see if the ducts are open. Lipiodal is injected into 
the ducts which open into the mouth. The doctor will use a blunt end needle or cannula. 
To find the tiny opening of the duct you will probably have your patient take some salt 
or a few drops of lemon juice. These things will cause the duct to send out saliva and 
the doctor can see where the ducts are. 


The patient has the examination explained to him. His mouth is disinfected 
with a disinfectant solution of your doctor's choosing. The doctor will find the duct 
and inject the medium. He will use from 1 cc. to 5 cc. of the medium. It will be ae- 
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sessary to warm the medium inwarm water so it will run through the needle proper- 
ly. He will inject until the patient complains of pain in the glands. After the injec- 
tiom is made you will take radiographs of the injected gland. 


For the parotid gland you will use the normal skull positions and other views 
as directed by the doctor. In the positioning of the submaxillary glands you will use 
the position of the mandible. It is important that the chin be extended so that the 
glands are not superimposed over the cervical spine. 


HIP NAILING 


Hip nailings are done in the operating room. This procedure is performed under 
strict surgical sterile technique. 


In these operations the orthopedic surgeon is attempting to insert a metal pin 
into the neck and head of the femur to immoblize fractures of the upper end of the 
fermur. He uses X-ray films to determine how well he has the pins in place. He may 
need a number of films if the case is difficult. 


Prior to the operation you should see the chief nurse and find out exactly where 
your position should be during the operation. She will instruct you on how to main- 
tain the sterile field around the operating area. It is your responsibility to follow her 
instructions and keep constantly alert. 


PLACEMENT OF MACHINES 


Alsq before the operation begins you will usually install two portable X-ray 
machines in the operating area. These machines will be covered with sterile draping. 
One machine will be set up for posterior-anterior views of the hip and the other ar- 
ranged totake lateral views of the hip. You may be required to swing your tube in and 
out of position for the lateral views. A point to remember is to work under the draping 


at all times and never reach over the sterile area. Anything below the waist can be 
considered unsterile, 


FILM POSITIONING 


Positioning of the film will be performed either by the doctor, nurse, or your- 
self depending on your doctor's preference. The film is put into a sterile case, a 
wrapper, or a pillowcase. 


You should allow yourself practice in setting up techniques and going through 
the motions of the procedure so that you can perform with maximum accuracy and 
Speed. Because thisis an operation it will be necessary to be ready totake the exami- 
nations quickly. This does not mean, however, that you rush so fast you forget what 
you are doing. You must maintain calmness and efficiency at all times. 
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PROCESSING AFTER EXPOSURE 


When the exposures have been taken you will take them immediately to the dark- 
room for processing. These films may be processed in a special darkroom in or near 
the operating room. You will use the fast techniques that you have learned in your 
chapter on Darkroom Techniques. As soon as the films are ready for viewing return 
them to thedoctor. When the doctor has seen the films they are returned to the fixer 
to harden properly. 


A WORD OF CAUTION. Gaseous anesthesia can be dangerous. If it is being 
used you will take all necessary and possible precautions described to you by the 
anesthetist. Thebasic danger is ELECTROSTATIC SPARK! Some of the fundamental 
things to practice are: 


@ Cover your hair. 
@ Wear cotton uniforms. 


@ See that plugs and sockets are explosion proof so that your connections 
cannot be accidentally pulled apart. 


@ Avoid all unnecessary motion around anesthetist and patient's head. You 
won't generally be in this area but be aware of this fact. 


@ See that all leads are grounded. 


@ If you ever have to get close or make contact with the patient or anesthe- 
tist be sure to touch the anesthetist's stool or operating table AT LEAST 
TWO FEET FROM THE FACE MASK. This will allow any discharge to 

' take place before you are close to the patient or machine. 


@ Use only such equipment that has been designed for use in a hazardous 
area. 


@ Make sure that all equipment used in surgery is checked monthly by the 
maintenance section. 


@ Stop using immediately any faulty equipment and report it so it can be 
removed and repaired. 


@ Do not smoke or create a flame while in the room. 


@ SHOULD FIRE EVER BE SEEN IN THE OPERATING ROOM - REMOVE 
THE BURNING ARTICLE QUICKLY from the vicinity of an oxygen tank 
or anesthesia machine. Put it out. Be sure you know where the fire 
extinguishers and alarms are. Although the surgery personnel are fully 
aware of these things you will still be in an area where you might have 
to act. 


To assure that all possibility of explosion is avoided will take constant alert- 
ness and practice of the above procedures. Youwill find that when X-ray is used that 
the anesthesia is usually non-inflammable, but the necessary precautions must be 
taken in any event. 


9-37 


MYELOGRAPHY 


Myelography is the visualization of the spinal canal. It is done to show ruptured 
intervertebral discs or spinal tumors. Pantopaque is the contrast medium that is 
used. This procedure is done entirely by the doctor or radiologist. It consists of 
injection of the medium, fluoroscoping and spot-filming. You will have little respon- 
sibility in this examination with the exception of preparing the patient and medium 
and bringing films to the doctor as required. 


The technician will see that thereis a lumbar puncture set available (See Nurs- 
ing Chapter). The patient can be positioned prone, lateral recumbent or sitting erect. 
This will be determined by the doctor's preference. The area ofthe puncture will be 
prepared and swabbed with an antiseptic solution. 


The Pantopaque comes in vials of 3 cc. Your doctor will use from Z cc. to 12 
cc., but the average amount used in the examination is 6 cc. 


During the initial puncture the doctor will usually take specimens of the spinal 
fluid. These specimens are placed in test tubes, labeled and sent to the laboratory. 
After the samples are taken the doctor will inject the Pantopaque under fluoroscopic 
control, Therscreen is locked in position because the lumbar puncture needle re- 
mains in position during the examination and the doctor will not want to accidentally 
hit the needle with the screen. He will use the tilting mechanism of the table to spread 
the medium up or downthe column. Ifheis to examine the upper column of the cervical 
region he will have the patient hyperextend his head so the medium cannot get into the 
skull. As he fluoroscopes he will take a series of spot films of areas which he wishes 
to study. You will supply him with the film as he requests it. 


After the examination is completed the doctor will attempt to remove all of the 
Pantopaque from the column. He will use a 2 cc. syringe because it will not create 
as much suction as a large syringe does. This is necessary because the Pantopaque 
requires a careful technique for its removal. Of course, it is not always possible to 
remove every drop so don't be alarmed if you see films with some medium still in the 
column. 


VENTRICULOGRAPHY 


Ventriculography is an examination to show the ventricles of the brain. The 
procedure is done to detect brain tumors in or encroaching on the ventricles. Ifa 
ventricle is displaced it may indicate pathology. The contrast medium used is air. 
The injection of this air is done in the operating room under strictly surgical sterile 
technique. You will be required to take .the films either in the operating room or your 
X-ray clinic, Usually this is done in the clinic. The injection is made and then the 
patient is brought to the clinic on a surgical cart. 


Review your chapter on anatomy and go over the area devoted to the ventricles 
of the brain. As you know they are filled with cerebrospinal fluid, This fluid is re- 
moved and air is injected to take its place. The air is lighter than the surrounding 
tissue so the ventricles can be seen. You must also keep in mind that air will rise. 
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This will mean that some of your positions will require that you give the air time 
enough to enter the ventricle you wish to show. Your main task in this examination 
is the taking of the films. 


Your patient will appear ina groggy state. He may also complain of severe 
headache if he is conscious. Perform the examination gently and with calmness. You 
will try to have all your actions pre-planned so the examination can be done quickly. 
In some instances your patient cannot hear or graspyour instructions so many times 
you will have to do your examination without his help. Do not become exasperated- 
it will not helpyou or your patient. You may need help to hold your patient in position 
so get a nurse or wardman to do this. You may also encounter various devices that 
can be used to immobilize the head in the proper positions. 


RADIOGRAPHIC POSITIONS 


You will find that there will be many variations in the positions you will use and 
the number of films that you will be required to take. It will depend upon which part 
of the ventricles interest the doctor. If, for instance, the posterior horn of the lateral 
ventricles is wanted, the patient will be placed with his face down. The air will rise 
to the posterior horns. Reverse the position and the air will bein the anterior horns. 
In any examination you will take pairs of films at right angles to each other. Your 
tube can be above or below the table and, of course, horizontal on either side. You 
have to think a little on these positions so do not be confused. You will hear terms 
suchas "brow up” and "brow down", This simply means the body is prone or supine. 


BROW UP Take an AP, right and left lateral without moving 
patient. You can place the film over the face and 
place tube under the table for a PA. 


BROW DOWN Take a PA, right and left lateral without moving 
patient. Film on back of head and tube under table 
for AP. 

LATERAL Place patient's head in lateral position. Take right 


and left lateral, AP and PA without moving patient. 
If this is done with the patient on the right side, it 
can be done alsofor the left side. Also the procedure 
can be done with the patient in a prone or supine body 
position. 


SUBMENTOVERTEX This position is used to show the third ventricle. 
By extending the head back the air flows into the 
third ventricle. You can take this view and right 
and left laterals from this position. 


FLEXED VERTICO- 

SUBMENTAL This is the reverse of the submentovertex with the 
chest built up and the patient tucking his chin under. 
You take right and left laterals and an occipito- 
frontal view. This may not be seen frequently. 


As you see there can be a number of positions. You will have to find out the 
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Positions that your doctor wants. Then you must make up some identification tapes 
which will designate which position is being demonstrated. Keep a list of those po- 
sitions that can be done with the patient in the same position and do all the views re- 
quired before you move your patient to another position. Also give the air time to get 
into the ventricle you are examining. Be sure that your patient's head is immobilized. 
Use the shortest exposures that are possible for your technique. 


ENCEPHALOGRAPHY 


Encephalography is another method used to demonstrate the ventricles of the 
brain by injecting air as acontrast medium. Instead of drilling through the skull and 
passing a needle through the brain to the ventricles, a lumbar puncture is made and 
air is injected into the spinal column. The air will rise through the column and fill 
the ventricles. This method is also used to see if the spinal column is blocked below 
the ventricles. If the air does not pass into the ventricles the area where it stops may 
indicate pathology. 


In this procedure, the patient is given a lumbar puncture while sitting in a chair. 
The technician will prepare the tray so it will be available to the doctor. The doctor 
will draw out spinal fluid and use some of it for specimens. These specimens are 
placed in test tubes, labeled and sent to the laboratory. The doctor will inject the 
air into the spinal column and it will pass up to the ventricles. Films are taken after 
the injection of the air, 


The patient may remain erect for some views, but generally he will be placed 
on the table in a recumbent position. The views taken will be similar to those used 
for ventriculography. 


PNEUMOPERITONEAL EXAMINATIONS 


Pneumoperitoneal examinations employ the injection of air into the abdomen to 
separate the organs in this region. The doctor will inject air under fluoroscopic con- 
trol. The air, being lighter than the surrounding tissue, will allow the organs to be 
outlined. This procedure is done under sterile technique. The technician will be re- 
quired to take the films, but the rest of the procedure is done by the doctor. The in- 
jection is made lateral to the umbilicus. The skin is prepared over the area. The 
doctor will inject a local anesthesia. Using an ordinary lumbar puncture needle he 
will penetrate the abdominal wall and pump air into the abdomen. After the air is in- 
jected the needle is withdrawn and the wound bandaged. The patient is either radio- 
graphed immediately after the injection of air, if the procedure is done in the clinic, 
or is brought to the clinic for the films. 


RADIOGRAPHIC POSITIONS 


The thing to keep in mind is that the air will rise. The doctor may roll the pa- 
tient during the injection to let the air surround each organ, but when you position the 
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patient this air will be displaced. You can take PA, AP, lateral recumbent or decu- 
bitus projections of the abdomen. 


Where the horizontal ray is used the patient should be built up so that the part 
is on the film. Use a block or firm pillows to do this. Sometimes you may have the 
patient take some carbonated drink so the wall of the stomach is outlined into the air 
space. 


ANGIOCARDIOGRAPHY 


Angiocardiography is the visualization of the heart and the great vessels sur- 
rounding the heart. A contrast medium is injected into the veins and the medium is 
concentrated in the heart. Films are taken at various intervals to record the various 
areas of the heart and vessels as the medium reveals them. 


This examination is done to show any pathology of the heart or great vessels. 
It will also reveal certain conditions that are outside of these structures. 


CIRCULATION TEST 


Films have to be taken at the right moment. You need to know how long it will 
take for the medium to reach eacharea of the heart. To find the time it takes for the 
medium to reach certain areas you must doa circulation time test. There are anum- 
ber of different substances you can use for this test. 


Ether can be used to test for circulation in the right side of the heart. As you 
remember the blood returns from the body in the inferior and superior vena cava. If 
the solution is injected into the blood stream through the arm, the medium will enter 
from the superior vena cava into the right atrium. From the right atrium it will 
pass through the right ventricle into the pulmonary veins. As the veins enter the 
lungs the ether is expelled as the air is exchanged and you can smell the ether on the 
patient's breath. The time that it takes to present itself will allow your doctor to 
estimate the time the medium is entering each area and when to expose the films. 
Thus ether can be used to test the circulation time through the right side of the heart. 


Sodium cyanide solution can be used to check the circulation through the left side 
of the heart. It works on the principle of acute, quick, and instant temporary hypernea. 
When it reaches the heart the patient will usually gasp sharply and his breathing will 
become rapid. The circulation time will be from the time of injection to the appear- 
ance of this rapid breathing. 


Also the Air Force clinics use Decholin. It is a drug used for circulation test 
which causes the patient to experience a bitter taste in his mouth. 


In any of these, however, it will be up to the doctor to tell you when to expose 
your film. You find this done in many ways. 
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CONTRAST MEDIA USED 


You will use a more concentrated solution of the various media. Diodrast 70%, 
WNeo-lopax 75% and Urokon Sodium 70% are three of the media used. The choice as to 
which is used will be up to your doctor. An adult will be examined with 40 to 50 cc. 
of the solution. 1 to 1.5 cc. per kilogram of body weight is used in figuring the dosage 
for children. 


The patient should be told of the various reactions that he may experience. Some 
of these are heat, weakness, headache and nausea. These reactions will last fora 
short time. Also it is common for the patient to experience a chemical thrombosis 
along the arm. This is not particulary dangerous. It will occur as a firm, painless, 
tender cord which can extend from the site of the injection up to the axilla. As with 
any examination, the severity of reaction must be determined by the doctor. Oxygen 
and other stimulating drugs like adrenalin will always be present for emergency use. 


EQUIPMENT 


Angiocardiography will use some special types of equipment. This equipment 
may be available in some clinics. If the equipment isn't available, the clinic will 
improvise to satisfy the requirements. One ofthe essential features of the examination 
is the rapid injection of the medium into the circulation. If it were not injected rapidly 
enough the medium would not be concentrated sufficiently tomake the vessels opaque. 
The other essential featureis a means of changing films fast enough to take a number 
of them in a relatively short time. 


The tray set up will include the following list of items. 


@ 2 ampules of 25 cc. each of medium @ Robb-Steinberg needle 
@ Tourniquet @ Antiseptic 
@ Number 11 scapel blade and handle @ Oxygen apparatus 
@ 1% procaine @ Saline Solution 
@ 2cc. syringe and assorted needles @ Tape 


Film equipment should allow for anumber of films to be exposed rapidly. Some 
of the devices are: 


@ Fairchild, Type F-280A Roll Film Cassette 
@ Single Film Method 


@ Bi-plane equipment 


PROCEDURE 


The doctor or nurse will prepare the patient for the injection. The antecubital 
area of the elbow is prepared with antiseptic. The 2 cc. syringe is filled with pro- 


9-42 


caine solution and injected over the vein selected. A 2 to 5 mm. incision is made over 
the vein. The tourniquet is applied. The Robb-Steinberg needle is placed in the vein. 
The placement of the needle is checked by opening the stopcock on the needle hilt and 
letting blood drip onto a gauze pad. A test injection of saline solution is made. ‘The 
stopcock is closed and needle taped to the arm until the doctor is ready for injection 
of the dye. Of course, the test for circulation has been performed prior to this pre- 
paration. 


The technician arranges the apparatus that he is going to use and makes sure 
that he has sufficient films available. He will also have made arrangements for the 
films to be developed immediately so the doctor can see them. He will set up the 
machine for the proper techniques. And he will have worked with the doctor on the 
signals to be used for taking the exposures. 


The patient will be seated before the cassette changer or lying over the film 
device. If the patient is seated the arm of the patient will be held up and at a forty- 
five degree angle with the anterior surface of the forearm facing the doctor. The 
doctor will take the medium-filled syringe and fit it into the needle already in the 
patient's vein. The doctor is to be protected by using a cone to cover the areaof ex- 
posure, and lead aprons. 


RADIOGRAPHIC FILMS 


The number of exposures that can be made will depend upon the type of cassette 
holder available. Also you may require two technicians for the examination, if the 
device is to be operated manually. One technician will pull or replace the films and 
the other will make the exposures. 


With the patient in position the doctor will tell the patient to "breathe out" and 
then to immediately "breathe in''. On the word "in" you will begin to make your ex- 
posures, The doctor will try to inject the medium within a period of 1 to 1-1/2 sec- 
onds. The patient will be holding his breath through the series of films. If you have 
an automatic device it will all beover in 5 to 6 seconds after the injectionis finished. 


If you have an improvised device requiring the films to be pulled manually, the 
doctor will say "shoot" each time he wants a film taken. The one technician pulling 
the films will take the strings and pull each cassette that has been exposed out of the 
field for the next exposure. Because most machines that will be used for these ex- 
aminations will have a second delay before the exposure is made, you will be getting 
one exposure a second. On some machines, however, instantaneous exposures can 
be made and the only wait necessary will be for the removal of exposed films. Speed 
of exposure, as you remember, is oneof the essential techniques to be used for these 
examinations, 


After the exposures are completed they are immediately developed so the doc- 
tor can see if he has successfully demonstrated what he wanted. This development 
is done with a rapid process or as an emergency wet film. The preparation must be 
made before the examination starts so that the darkroom will be free during the time 
the examination is in progress. 


The patient is separated from the injection apparatus after the films have been 
checked. A pressure bandage is placed over the wound for an hour or two. 
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CEREBRAL ANGIOGRAPHY 


This examination follows the same principles as the procedure that has just 
been explained. However, the injection is made at the common carotid artery in the 
neck. This injection can be done either by just puncturing the skin like you do fora 
regular intravenous injection, or the artery can be exposed by making an incision 
over the site and then inserting the needle. The doctor will be responsible for the 
injection. 


The procedure is done to show the circulation system of the skull. The medium 
will take about 6 seconds to pass around the skull. This again will indicate that time 
is an essential factor in the examination. The doctor must inject the medium rapidly. 


The patient will be in the supine recumbent position. His head will rest on the 
cassette changing device. The side to be examined will be remote from the film so 
the doctor can inject into the artery. You will take the films with the patient in the 
supine position, but with the headin a lateral position. You mayalso take ananterior- 
posterior projection. Generally you will take two lateral views and two anterior- 
posterior views. You will take the first film just as the doctor finishes the injection. 
This view will show the arterial circulation. Another exposure is made 3 to 6 seconds 
later and this will show the venous circulation. The second film will show less con- 
centration of the medium because it is more diluted as the amount of circulation is 
increased, After the laterals are taken the patient is carefully positioned into the 
anterior-posterior position and a second injection ismade. Films are exposed in the 
game manner as the laterals. You may need two technicians, one to expose the film 
and the other to remove the exposed film. Your timing and teamwork with the doc- 
tor is very important. 


ABDOMINAL ARTERIOGRAPHY 


This, again, is the injection of medium into the blood stream to outline cir- 
culation. However, this procedure is usedto show the abdominal aorta and its branches. 
The injection and preparation of the patient is the responsibility of the doctor. 


Prior to the examination the patient is given acleansing enema to remove ma- 
terial in the colon. The patient is placed on the table in the supine position. The 
patient is given a sedative before the examination begins. A preliminary film is made 
to determine the cleanliness of the colon. 


The procedure is done under sterile technique. The skin is prepared around 
the site of puncture, The patient is positioned so the doctor can inject at the posterior 
and lateral side. The site is about a hand's breadth from the spinous process below 
the twelfth rib on the left side. 


The patient is positioned according to the wishes of the physician and the method 
or site of injection. Usually you will include the entire abdominal area. The interest 
will bein the region where the abdominal aorta branches into the common iliac arteries 
or possibly the portal system. 
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As you have seen, this examination is much like the others involving the cir- 


culatory system. Youwill be there to assist as needed and will be under the constant 
supervision of a physician or radiologist. 


BEHIND AND AHEAD 


You have just studied the more uncommon procedures. You need not be sur- 
prised if you do not perform these in your clinic. They are examinations which call 
for skilland special equipment. These procedures will be done in the larger Air Force 
hospitals or in centers where there are qualified personnel. You know something, 
now, of sialography, hip nailing, myelography, ventriculography, encephalography, 
pneumoperitoneal examinations, and circulatory examinations. 

Your next chapter will be concerned with special techniques. You will learo 


how to do stereoscopic examinations, pelvimetries, locate foreign bodies and how to 
operate a photofluorographic unit. 


QUESTIONS 


1, What is fluoroscopy ? 

2. Explain the construction of the fluoroscopic screen and how it functions. 
3. Explain how the spot-film device works. 

4, What is dark adaption and why is it important? 

5. What will be your primary duties in fluoroscopic examinations ? 

6. What type of protection do you use in fluoroscopy ? 

7. What is contrast medium and what forms do contrast media assume? 


8. Name at least ten contrast media used in the Air Force by trade name or 
chemical name. 


9. List at least ten reactions that can occur from contrast media. 
10. What is cholecystography? What is cholangiography ? 
11. What is the Graham-Cole Test? 
12. Why is the gall bladder examined? Name some conditions. 
13. Name three contrast media that are used in gall bladder examinations, 


14. Describe the instructions that must be given to the patients concerning the 
taking of contrast media for the gall bladder. 


15. 


16. 


17. 


18. 
19. 
20. 
21. 
22. 


23. 


24, 
25. 
26. 
27. 
28, 
29. 


30, 


31, 
32. 
33, 
34, 
35, 
36, 
37, 
38, 


39, 


9-45 
Explain the procedure used in taking the films of the gall bladder. 


What are some of the names used in describing examinations of the urinary 
system? 


What are some of the conditions the urinary system is examined for? Discuss 
four media that are used in the examination of the urinary tract. 


How is a patient prepared for an examination of the urinary tract? 

What is a sensitivity test and how can you perform them? 

Describe the procedure you would use in performing an IVP. 

Describe the procedure you would use in performing a retrograde pyelogram. 
What is cystography and how is it performed? 


Name at least four types of examinations performed for the digestive system 
and the contrast media used. 


Explain the procedure used in the examination of the esophagus. 

Explain the procedure used in the GI Series examination. 

Explain the procedure used in the BE examination. 

What is a double contrast enema and how is it performed? 

What is bronchography? What contrast medium is used for the bronchogram ? 
What techniques are used to inject the media for a bronchogram? 


What positions do you use to take the lungs after the media has been injected 
in a bronchogram ? 


What is hysterosalpingography ? 

Explain the procedure used in the examination of the female organs. 

What is sialography ? 

What positions are used for the sialogram ? 

Explain the procedure used in examinations during a hip nailing operation. 
What is the basic danger of an X-ray unit in surgery during an operation? 
What is myelography ? 

What are your duties during myelography ? 


Explain the procedures used to perform myelograms. 
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40. 
41, 
42. 
43. 
44, 


45. 


46. 
47. 


48. 


What is ventriculography ? 

Describe the procedures used in performing ventriculograms. 

Explain the procedure used in performing encephalography examinations. 
Describe how peritoneal examinations are performed. 

What is angiocardiography ? 


What materials are used to perform circulation tests and what does each of 
these materials do? 


Explain the procedure used in the angiocardiography examination. 
Explain the procedures used in the cerebral angiography examination. 


Explain the procedures used in the abdominal arteriography examination. 
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Shifts of the tube are required to give you two slightly different films. Because 
the eyes look at an objectand see it slightly different until the image is fused together 
in the visual centers of the brain, the tube must see the films differently too. The 
tube acts like an individual eye. When the films are placed in a viewer, the eyes can 
then fuse the two images into a solid object that has depth. Thus, the stereoscopic 
technique has the tube replace the eye until the films are viewed. 


HOW STEREO IS PERFORMED 


The patient is placed in the proper position as used for the routine projection. 
The central ray is aligned to the normal point of entry. The stereo apparatus on the 
tube carriage or vertical carriage is set. The tube is shifted from the original point 
to one side. A film is exposed. The tube is shifted to the other side and another 
film is exposed. The patient maintains the same position for the two exposures. 


TUBE SHIFT, How much do you shift the tube? You must know how far to shift 
a tube before you can get a true stereo film. The viewing device is a factor in de- 
termining the amount of shift that will be needed. Also the distance between the pu- 
pils of your eyes is a factor to be considered. Of course, it will be the doctor's eyes 
that must be used in determining the interpupillary distance. Generally the distance 
between the pupils of most people is two and a half inches. The best viewing distance 
for the image is twenty-five inches in front of the eyes. The distance between the 
focal spot and the film is another factor. The ideal distance is from 25 to 28 inches. 
Distances from 30 to 72 inches are used in routine techniques. With these three fac- 
tors, interpupillary distance, image distance, and FFD, we can find the amount of 
tube shift we need at various FFD's. You can use the proportivn, TS:FFD::1D:IDv. 


Tube Shift = X (unknown) 
Focal-Film Distance = 36 inches 
Interpupillary Distance = 2.5 inches 
Image Distance = 25 inches 
X: 36 :: 2.5: 25 
25 X = 90 

Xx = 3-3/5 inches 
Tube Shift = 3-3/5 inches 


Now you have the total tube shift. Remember that you are going to use only 
one-half of this to either side of center, however. Another example would be the 
distance used for chest films, 72 inches. What shift would be required here? 

TS: FFD:: ID: IDv 25 X = 180. 


X:72:: 2.5: 25 X = 7-1/5 inches 
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You can see that the tube shift on each of these problems is approximately one- 
tenth of the focal-film distance. Youcanuse the one-tenth measurement as a general 
technique, but you will find that some persons cannot stereo unless the moreaccurate 
ratio is made. 


PREDOMINANT LINES. It makes a difference how you stereo different parts 
of the body. This is why you need an apparatus that will stereo across the table, 
down and up the table and up and down vertically. The shift must be at right angles 
to the more prominent lines of the part. In long bones the shift is across the long 
axis of the bone, The skull shift is also across the part. The chest is taken witha 
vertical shift because the ribs are the predominant lines. 


CHEST STEREO, In stereoing the chest, you will use the mechanical stereo 
device on the tube column. The device is set for stereo by bringing your tube down 
to the proper distance you normally use for chest films. The CR enters at the nipple 
line or 6th thoracic vertebra. The device is locked. The tube is then moved down 
until it stops. In most machines, this will be a six inch drop. The tube will lock. 
Two films are placed in the cassette changer. The patient is positioned. The tech- 
nician sets the stereoscopic button or switch on his control panel. He will make the 
first exposure while the patient is holding an inspired breath. When this exposure 
is made, he will flip his stereo button or switch. The films will change places. The 
patient will still be holding the same position and breath. The second exposure is 
made and the examination is finished. 


OTHER SHIFTS. Stereoscopic projections of the other parts of the body are 
done manually. The patient is positioned. The tube is centered. The stereo devices 
are locked in position. The tube or column is shifted to one side of the stereo shift. 
The technician makes the exposure. While the patient still holds the position, the 
technician will remove exposed film, place new film into position and shift the tube 
to the other extreme of the stereo shift, He will make his second exposure and the 
examination is finished. 


The important thing to remember in the stereo examination is that the patient 
must remain in the same position for both exposures. If he moves, you will not have 
a stereo. 


After the exposures are made, the films are sent together to the darkroom. 
They are processed together through the darkroom procedures. 


VIEWING. In the Air Force the films are viewed witha Wheatstone stereoscope. 
You must know how to put the films in the viewer correctly so they will stereo. You 
will notice that the viewer has two illuminating boxes and a set of mirrors which can 
be manipulated for stereoing the films. The boxes are set 25 inches from the mirrors, 
The mirrors are at an angle of 90 degrees to the film. The steps given below are 
used when viewing through the Wheatstone stereoscope. 


@ The films, with the side which faced the tube facing you, are placed side 
by side. You must see the films as the tube saw them. 


@ Superimpose the films over each other. Now reverse the films so that 
the side that was facing the tube is now away from you. 
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@ Up and Down Tube Shift: (Chest) With films superimposed and exposed 
side turned away, hold the films at the top with the left hand and the 
bottom with the right hand. You will see that one image is nearer the 
top and the other nearer the bottom of the films. 


@ The image nearest the right hand or bottom of the film is placed in the 
right hand box. 


@ The image nearest the left hand or top of the film is placed in the left 
hand box. 


@ Up and Down Shift: Superimpose the films, but instead of holding them 
at the top and bottom, hold them with the right hand on the right side of 
the film and the left hand on the left side of the film. 


@ The image which appears close to your right hand is placed in the right 
hand box, 


@ The image which appears closer to the left hand is placed in the left 
hand box. 


If you have aligned the films correctly, the films will appear to give an anterior- 
posterior view. If they are placed incorrectly, the films will appear reversed, or 
give you a posterior-anterior view. The identification marker will appear to be oa 
the far side when you view the films. 


Because stereoscopy is rather difficult toimagine, you should have your NCOIC 
give you an actual demonstration of the various stereoscopic devices on your tube. 
Take a stereoscopic view of a part and try to place it correctly on the viewer. By 
experimenting, you will be able to dothe stereoscopic examination and understand 
more fully the principles. 


PELVIMETRIES 


Pelvimetry is the examination of the birth canal of pregnant women, It is usu- 
ally done in the latter months of pregnancy to determine the opening of the pelvis. I 
will show the measurements of the outlet and inlet and let the doctor know if the canal 
is large enough for normal birthor if he will have to perform a Caesarean operation. 


Films are taken ina variety of positions. The preference of your doctor is 
your guide. He will also determine which technique you will use. This section will 
provide you with basic information and you will modify this information to the tech- 
niques used in your clinic. 


MEASUREMENTS. The doctor is interested in the measurement of the pelvic 
inlet and outlet. Accurate positioning is required for accurate measuring. Accurate 
positioning and technique is also required because the pregnant mother should not 
receive more radiation than necessary. Excess radiation may cause harm to the un- 
born child, 
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Generally the doctor will be interested in four diameters. These diameters are: 


@ True Conjugate: This is the measurement from the top edge of the sacral 
prominence to the posterior middle surface of the symphysis pubis. 


@ Transverse Diameter: This diameter is the distance between the mid- 
points of the brim from side to side. 


@ Oblique Diameters: These measurements are from the sacro-iliac joints 
across to the ilio-pubic brim. 


@ Interspinous Diameter: This measurement is from the ischial spines 
transversely. 


POSITIONS. The positions used in pelvimetry are basically an anterior-poste- 
rior, posterior-anterior, erect and recumbent lateral, a semi-sitting position for the 
superior-inferior view of the inlet, or a posterior-anterior position with the patient 
seated and leaning forward. Youwill learn of a technique later where the patient lies 
supine and flexes her knees and hips. A combination of these positions with various 
devices may be called by proper names of the doctors who devised them. You will 
hear of Thom's method, Colcher-Sussman, Ball or Snow's methods. Any of these 
methods may be modified, in regards to specific measurement, but the positions used 
will be similar to those mentioned above. 


ANTERIOR-POSTERIOR POSITION. Use a 14x 17 cassette placed lengthwise 
in a bucky tray. The patient is helped onto the table. She is placed in the supine po- 
sition. A pillow is placed under the shoulders and sandbags are placed on either side 
of extended legs. A sandbag should be placed under the knees to reduce strain on the 
patient. The film is centered so that the lower border is at the level of the symphysis 
pubis. The central ray is directed perpendicular to the center of the film. It will 
usually pass directly through the umbilicus. The patient will suspend respiration 
after exhalation. Measure through the highest point of the abdomen. ID is placed 
on either side. 


The patient is dressed in a cotton gown with the opening down the back. The 
distance will be the one preferred by the radiologist. In some examinations, the cen- 
tral rayis directed perpendicular to the highest point of the abdomen and then angled 
25 to 30 degrees caudad (toward the feet) to the pelvis. The film is centered to coin- 
cide with the central ray. 


POSTERIOR-ANTERIOR POSITION. Usea 14x 17 cassette placed lengthwise 
in a bucky tray. The patient is placed in the prone positionon the table. The patient 
is supported with pillows under the chest and pelvis so that there is no pressure on 
the abdomen. The film is placed so the bottom edge is at the level of the tip of the 
coccyx. The central ray is directed perpendicular to the center of the film. The 
part is measured through thecentral ray. The ID is placed oneither side. The cen- 
tral ray is sometimes angled toward the head 25 to 30 degrees to investigate early 


pregnancy. 


LATERAL POSITION, Use a 14x 17 film placed lengthwise in the bucky tray 
or a vertical cassette holder. 
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Erect: The patient is placed in the lateral position so that the hips are 
slightly lateral to the midline of the film. The central ray is directed 

horizontally to the level of the upper edge of the hip joint. ID is placed 
on the posterior upper edge of the film. Measure the central ray. 


Recumbent: The patient is placed in the lateral recumbent position. The 
patient flexes her knees and hips slightly. The film is placed so that the 
bottom edge is at the level of the tip of coccyx or symphysis pubis. The 
abdomen should be centered so that the fetus is included on the film. The 
central ray is directed perpendicular to the abdomen midway between the 
lumbar spine and the anterior edge of the abdomen. 


SUPERIOR-INFERIOR PELVIC INLET. Usea 14x 17 cassette placed cross- 
_ wise in the bucky tray. The patient is seated on the table. A support is provided so 
that she can lean back about 40 to 60 degrees. The iliac crests are parallel to the 
film. The film is centered to the hip joint. Thecentral rayis directed perpendicular 
to the center of the film. The patient may have sandbags under the knees for com- 
fort and to reduce strain. In patients with large breasts that may superimpose the 
posterior border of the pelvis, the support should be angled back farther. Measure 
through the central ray. Place ID on either side. 


SUPERIOR-INFERIOR PELVIC OUTLET. Usea 14x 17 film placed crosswise 
in the bucky tray, or undera grid. The patient is seatedon the end of the table. Her 
legs are spread wide apart and she leans forward gently so the abdomen goes between 
her legs. A chair back is placed so that she can support herself and a stool. should be 
provided for her feet. The film is centered to the hip joint. The central ray is di- 
rected perpendicular to the mid-point of the sacrum and emerges through the pubic 
arch. The part is measured through the central ray. The ID is placed on either side. 


These are the basic positions used to show the placement of the unborn child, 
to detect early pregnancy or to measure the pelvic inlet and outlet. There are certain 
techniques that employ various equipment to get accurate measurement of the pelvic 
region. This equipment compensates for the magnification that must be inevitably 
shown in any radiograph. The principle of this equipment is to have a known measure- 
ment of lengthon the film. The equipment has holes through which the X-ray can pass 
and expose the film. These holes are drilled one centimeter apart. By comparing 
the number of black spots on the film, the doctor can tell how many centimeters the 
different diameters extend. 


THOM'S METHOD 


Thom!'s method of pelvimetry is one of the older techniques used in some Air 
Force clinics. This technique requires the use of two films. One is taken to show 
the pelvic inlet and the other is a lateral view, This technique has an inclined back 
apparatus for leaning the patient back and a lead grid or strip with pinholes punched 
in it. The patient assumes the seated positionon the Thom's board. The plane of the 
pelvis is positioned so that it is parallel to the film. The film is placed in the bucky 
tray or under the patient crosswise. Thecentralray is directed perpendicular to the 
center of the film and exposure is made. The patient is then removed from the ap- 
paratus. The lead grid, which has pinholes every centimeter, is placed over the 
film and another exposure is made. There is a newer development in this grid. It 
ig a lead strip with a series of pinholes in it that are made to show the diameter dis- 
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tance of the various diameters that lie above thefilm. For instance, the interspinous di- 
ameter between the twoischial spines is closer to the film than the true conjugate di- 
ameter (measurement between sacral prominence and posterior surface of the sym- 
physis pubis). The rows of holes are calculated to show the true diameter of these 
various levels. The black dots on the film are measured, using either the strip or 
lead grid, and the number of dots will indicate the measurement of that particular 
diameter in the pelvis, 


You will use the regular superior-inferior position with the Thom's apparatus. 
Care must be used when you are positioning the patient. Theapparatus has a posterior 
post that is fixed and an anterior post that can be adjusted to the appropriate land- 
mark. The grid is placed on these posts after the first exposure is made. This will 
be necessary as the grid must be on the same level as the pelvis to show the proper 
magnification of the dots. The central ray is centered to the exact spot of the first 
exposure when using the lead grid, but when the strip is used the tube must be shifted 
over the strip. 


In the lateral view of the Thom's method the patient iserect. The patient stands 
before avertical cassette holder or vertical table in the lateral position. A restrain- 
ing band can be used to help maintain the position. The patient is centered to the 
film in a true lateral position, The arms are crossed over the chest. The lead per- 
forated strip is placed close within the crease of the buttocks so that it is included 
on the film. The central ray is directed horizontally to the film and enters a point 
two inches posterior to the top of the greater trochanter. This should place it be- 
tween the anterior surface of the curved sacrum and the greater sciatic notch. 


COLCHER-SUSSMAN METHOD 


This technique is one of the new methods used in pelvimetries and is being used 
in about twenty-five percent of the Air Force clinics today. It is fairly simple to 
perform. This technique uses a device with a stripof metal with holes drilled every 
centimeter. It is known as the X-ray Pelvimeter. This strip or rule is mounted on 
a graduated post so that the rule may be moved up and down as needed. It can be 
clamped to the table with a "C'' clamp for vertical or horizontal lateral views. 


The patient lies on the table in the supine position. The knees and hips are 
flexed with sandbags over the feet to help immobilze the position. The knees are 
separated. The pelvimeter rule is placed against the gluteal fold at the level of the 
ischial tuberosity. Youcan find the tuberosities by palpating the symphysis pubis and 
aligning the rule to this structure. Then just lower the ruler 10 centimeters and it 
will be at the level of the ischial tuberosities. The film is placed crosswise and must 
include the rule of the pelvimeter, The central ray is directed perpendicular over the 
symphysis pubis. All of the transverse diameters of the pelvis are on the same level 
as the pelvimeter in this position. 


The lateral position may be taken in the erect or recumbent position. The pa- 
tient assumes the lateral position. The film is centered to include the rule and the 
8ymphysis pubis. The pelvimeter is adjusted so that it will fit between the crease of 
the buttocks. The tube is centered so that the central ray is directed just over the 
Greater trochanter of the femur. 


As you can see you need take only two exposures. Both positions are easily 
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assumed by your patient and all of the information will be recorded in these two views 
by the ruleof the pelvimeter. The doctor will use a chart provided for this technique 
in figuring out the various diameters from the films. Your job will be to take the 
films and not indetermining the diameter factors. However, you must have accurate 
positions for the doctor so that he can measure accurately. 


Other methods of pelvimetry are performed with the positions that were men- 
tioned earlier. You will undoubtedly encounter many variations in equipment and 
positioning techniques. Do not regiment your ideas on the way to perform pelvime- 
tries. Learn each new technique as you meet it. 


FOREIGN BODY LOCALIZATION 


You will seldom be called upon to locate a foreign body. There will be occa- 
sions when you might, however, and you should know some of the techniques of lo- 
cating them. Of course, in time of war there will be more frequent need for these 
techniques. 


Localization techniques are varied. Foreign bodies in the extremities can be 
fairly accurately located using right angle views. In the trunk of the body, however, 
a more extensive type of technique must be performed. The eye requires the use o 
a special localization technique that is known as the Sweet's method. You will only 
be given a few of these techniques. These are the more common ones that are used 
in the Air Force. 


BODIES IN EXTREMITIES 


Foreign bodies that are in the extremities of the body can be located by using 
right angle views. These views may be the posterior-anterior and lateral, anterior- 
posterior and lateral, At times the point of entry of the foreign body may be marked 
witha lead marker or a barium paste may beused, Extracare is necessary in taking 
the films with accurate positions. 


BODIES IN THE TRUNK 


Foreign bodies in the chest, abdomen, pelvis or spine can be located using the 
"Single Triangulation Method", This is a simple technique and requires only a short 
time to perform. Accuracyis very important in any examination of this type because 
the purpose is to locate the body for removal in surgery. The technique informs the 
surgeon how far down the body is into the tissue. 


SINGLE TRIANGULATION METHOD. The patient is placed in the prone or su 
pine position on the table. The doctor will fluoroscope the patient and locate the for- 
eign body. He will use a skin pencil to mark the skin of the patient over the spot that 
shows the foreign body. 


When this has been finished, you will place a film under the patient or in the 
bucky tray and center it ta the skin mark, You will center the tube over the mark. 
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Now you must measure the distance from the target to the skin. Write this down, 
Also write down the focal-film distance you are using. Expose the film using only 
half your technique. Shift your tube lengthwise a distance of 6 inches without dis- 
turbing patient or the film. Write this down. Make your second exposure using the 
other half of the technique. The film is then developed. 


You now have three things: The TSD, FFD and amount of tube shift. From the 
film you will measure the distance between the two images of the foreign body that 
you can see onit. With these four figures'you are going to draw a scaled set of tri- 
angles. Youwill need a sheet of 8-1/2 x 10-1/2 inch paper and a rule. Youcan make 
the scale 1/4 inch to 1 inch. 

Draw a line that represents the FFD (Line A C). 

Draw a line that represents the TSD (Line A B). 

Draw a line that represents the amount of tube shift (Line A D). 
Draw a line that represents the amount of image shift (Line C E). 
Draw a line from D to E. 


The location of Foreign body F is where line D E intersect line AC, 


D A 


This still doesn't tell you how far beneath the skin the body is. You will next 
measure the line AF. This is the distance from the focal spot to the foreign body. 
Next you will measure the line BF. This is the distance from the skin surface to the 
foreign body. Subtract AB from AF and you have the location of the foreign body. 
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Let's use an example with figures. 


Focal-Film Distance - 
Target-Skin Distance - 
Tube Shift 

Image Shift 


Scale - 1/4 = 


Line AB 


Line AC 


Line AD 


Line CE 


Line AF 


Line BF 


- 6 inches 


- 3.3 inches 


l inch 


5" 
gu 
1-1/2" 
7/8" 
5-3/4"! 


3/4" 


36 inches 


20 inches 
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CALCULATING LOCATION FROM CHART. A cpeceat coordinate chart is prov 
vided for the exarnination (Figure bh Tie. film and this: chart are wed dae 
location = the: foreign body. in ettd 2h. SaeNS Spire, Pesta eses-. 


= “On the Ave of the two expostres, the ball aud cone are. paeeeonaenee a 
10- ~4), The second expoeure will show that the ball is projected: foward the head far = 
ther then the cone, You should see the éntire orbit of the patient. Look for the ae ‘ 
on body. ‘There may: be more than one: eae each Tayat be Pci auparatsly.. 


f. *,* 3° 





Figure 10-4 Filme, Senet’ Eye Method - 


-“ —— -. 





ne Technig ue. Complete these ‘steps using the fret ‘exposure: 


ay “Etch a tak: on he ‘Hret exposure of tiie fit through the Bortaontal exis 
7 at the ball and cone.” ‘Thia line is the ops aocis, ot fue ayes: = | 


; a Etch z a ‘Seeoues tine: ae Hight sigler% to aba intecadctiag. the firet line | 
eh joy Reaough the center, of tee sutline of the a teeeien body. 3 ve 


el ye Using a aonatt pale of divider ay ee ite pointe ~one to he sate: at the Bee 
: 0) tidicator ball aad the. other to the. interaection of the two Hines. Place ae 
“this distance: onto the chart. ‘This. will. appear as: tine AL SE aE e ere Ae 


‘4. Using the dividers : again, Set ite paints 80 one is at. the intereaxtion ot sect 
the vertical and horizootal lines on the film and the other. ‘ta: the: ented ek 

- of the outline of the foreign tody. Place this distauce on the chart). 
This procedure. serves to locate the foreiga ‘body at ££, Anke stoe- pone i 


Ce ae LS 


ARES in relation to the lateral. wexticsl, plane. = This ts line Be geron S 


RES Petead Hae As 80° 5 thst & crosses: over ta the ésg0k 3 view. 2 bE the phil on: 
eS the: chart and i then extend line B ee! £0 the Seige ‘dae: of the shiast ae 


i eisead a a ‘ine’ < ‘horigantaliy fens the Tocation of the. teeige body ei asi 
make at etsy! ta Tine: ee across. to: thes front view of the: orbit. fete ot 


With the second Sul ee are ae ; S 2 
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1. Etch one line through the axis of the ball and its supporting arm and 
another line through the axis of the cone and its supporting arm. 


2. Etch a third line at right angles to and intersecting these two lines 
through the center of the outline of the foreign body. 


3. Using the dividers, set its points, one to the center of the outline of the 
foreign body, the other to the intersection of the etching concerned with 
the ball. Place this distance onto the chart as shown by point D on line 
E. If foreign body lies on the same side of the ball axis as does the 
cone, this distance should be laid off downward from the point of inter- 
section of lines A and E. 


: 4, Again, using the dividers, repeat this procedure with respect to the 
center of the outline of the foreign body and the intersection of the 
etching concerning the cone, Place this distance onto the chart in re- 
lation to the outline of the cone as shown at point G on line H. 


5. Extend a line through points G and D, intersecting line C at F. These 
distances serve to locate the foreign body at F, laterally, in relation to 
the front view vertical plane. 


6. Extend line I from the intersection of line B and the oblique edge of the 
chart at J, parallel to line C, so that this line crosses the horizontal 
outline of the orbit. 


7. Extend another line K at right angles to line C, from the point FI, so as 
to intersect line I at point FM, These extensions serve to locate the 
foreign body at FIl, laterally, in relation to the horizontal plane. 


Now, by merely counting the millimeter coordinate spacings, it is possible to 
render a report as to the location of the foreign body with respect to the central axis 
of the eyeball and in relation to the side view, front view, and horizontal planes. The 
findings are recorded in the upper right hand corner of the form. 


You must be very careful if you do the charting. Usually the radiologist will 
do this, but you may in extreme circumstances. Be sure that you plot the right eye. 
Also be sure that your distances are accurate. 


PHOTOFLUOROGRAPHY 


Photofluorographic machines are used to survey a large number of men for 
chest examinations. These machines incorporate a fluorescent screen, phototimer, 
and a camera unit. With the camera, the large image can be reduced to a much 
smaller size. The X-ray beam passes through the patient, activates the screen, the 
light from the screen is scanned by a phototube which terminates the exposure at the 
proper moment, and the light passes back through the lens of the camera to the film 
at the back of the unit. As you can see, this unit uses X-ray, fluoroscopy, photo- 
electric principles and photography. Its purpose is to reduce the size of the image, 
cost and time of examination for large numbers of personnel. 


Behe 


! TYPICAL CONSTRUCTION - 


Ad? photofluorographic tees chine have a control panel, tube unit, transformer, 


wis wnit that encloges the fuorascapic screen, a grid, the phototimer, an identifi- | 
cation: apparatus and the camera unit, The Air Force uses the machines miannfactured Bigs 
hy five different concerns. Specific, aperational jastructions are furnished with, each. : 


anit, This. section wal deal Eonar ay: ‘with the operation. of one of them, Soe 


IDENTIFICATION 


‘Seach patient. is a uiven a DD. 812, . on which is pataeed all of the identification in- 
formation, ‘This card muat be placed in the identification: slot bi the machine eo that » 


at can Bade Uaecieare onto the. ete Ss film. 





CALIBRATION OF MACHE a cohen a MA 


_The machine is normally calibrated before use. These instructions are usually oo 


| eee SERS on. the machine sO 0 that: you. can follow them: are pe se 3 





Figure 10-5 "Westinghouse 200 MA (PF), Control Fenet: 


The. ponerol ‘gine i Westlake,’ 200 MA, ie iepieal tox: rs sacsebumeowaie hiss 
machine (Figure. 10-5). ‘To turn the machine on ‘you’ peak. any of the buttons that you. eS 
see on the edge of the panel in the center. A light above the button will come oo, You 
will wait. ‘at. Least 30° seconds fo that the circuits cao come ap 'to proper uperatiog 
temperature, This wait ia very important, Because this machine hae an underioat 
metering device, it must be calibrated for proper exposures, After the machine ts. 
_ . dalibrated,> you turn off abe: Arete and. ase the attons 1 Be exposure bar for: Pee in 


RBS OS Sane 


—Uning Figure | 10-5, follow | hese steps for the calibration of the unit. 


o ‘Tarn the’ voltage aajuataset aio 5 Geng sliver bar in center of wath, a 


“number be os swt feel i definite ecotacte. een es 
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Turn the safety timer (small switch to the left of the voltage adjustment 
switch) to the circled 0.2 second, 


Turn the meter selector switch (small switch to the right of the voltage 
adjustment switch) to the setting "voltage". 


Flip the toggle switch to the left of the meter to the ''on" position. 


@ Adjust your X-ray tube so that it faces away from the hood section. 


Go back to the panel and hold the button labeled "Small Patients" down. 
Don't punch the button, but hold it down firmly and slowly. 


Look to see if the light indicator just below the meter lights up and wait 
for a period of at least 20 seconds. 


Press down on the exposure bar until the needle on the meter indicates 
that an exposure has been made. Notice the direction that the needle 
moved. If there is a buzzing sound, after the exposure was made, it 
will tell you that the machine stopped at 0.2 seconds (on safety timer). 


Switch the voltage adjuster, either higher or lower, from your observa- 
tion of the direction the needle moved on the first exposure, Make ex- 
posures and adjust until the needle is steady. 


Press the button labeled "Radiology, All Patients". 
Turn the meter selector switch from Voltage to 125 MA. 


Push the exposure bar and watch the meter needle move. Turn the 
small switch in the lower right corner labeled "green" either ‘way until 
the needle is steady. 


Return to the "Small Patients" button and press it down firmly. Set the 
meter selector switch to any MA you want. You only need to calibrate 
one of the MA's, so you can use any of them. 


Make another exposure using the amber MA adjustment switch. Move 
this switch up or down until the needle is steady. 


Press the "Large Patients" button. Turn your meter selector switch 
to the MA you want. Make another exposure and adjust the red MA 
until the needle is steady. 


Move your meter selector switch to Voltage again and make another 
voltage calibration to check your settings. 


Re-adjust your tube to face the hood. Turn the safety timer to the 
rating shown on the tube rating chart, 


Under the hood of the unit is the control for the density that is regulated 
by the phototimer. You will need to make some trial exposures to select 
the right density settings. 
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Do not use a person to calibrate your machine because the exposure 
times may be varied and this will cause inaccuracy in the operation af 
the meter, 


When you finish with this calibration, the unit is ready to begin operation. Your 
unit should be calibrated each_morning. 


THE CAMERA UNIT 


The camera that is part of the unit is located at the back of the hood section. 
It is generally a Fairchild Fluoro-Record Camera, Type F-212. It uses roll type 
70 mm. film and you can take from 300 to 400 pictures ona roll. The camera is 
connected to the circuit of the machine so that it will roll the film automatically after 
each exposure. There are two parts to the camera. The "body" holds the lens, 
motor and operating mechanisms. The magazine” holds the film, film spools, ad- 
vance devices, a pressure plate and electrical connections which show that the film 
is advanced or used up. 


INDICATOR LIGHTS, There is a red lamp on the side of the camera unit that 
blinks or flashes while the leader or trailer of the film is being run through the cam- 
era. When this light is off, it will show you the camera is ready. Usually you will 
have a lamp located somewhere on your control panel or near it so you can see when 
the film advances, The light will flash three or four times and you know that there 
is a new frame ready for exposure. More or less flashes will indicate that the film 
is not moving properly from the magazine. When the film runs out, the machine will 
not make an exposure. 


LOADING CAMERA. Film should be handled in the darkroom under a Wratten 
II filter if the film you are using is blue-sensitive. If it is green-sensitive, you will 
handle it without any light at all. 


To take the magazine off the camera unit on the hood, press the latch 
release on the bottom and lift straight up. (Figure 10-6). 


Take the magazine to the darkroom and lay it face down on the loading 
bench. Unscrew the cover screw at the back and take the lid off. 


Open the film can and remove a fresh roll of film. Put the unexposed 
film in the feed position. The feed position is drawing the film down 
the underside of the spool so that the emulsion (dull feeling side) is 
facing the camera lens, 


Take about 18 inches of the leader and thread it through the film maga- 
zine. When the leader passes through the magazine facing opening, 
you can push it along with your fingers. Shove the film along between 
the meter and idle rollers onto the take-up spool. When the film is on 
the take-up spool, twist the spool several times so the film is fastened 
tightly to it. 


Replace the cover on the magazine so the handle is at the take-up end. 
You will need to press it down on the tension springs and then screw 
the cover screw into place. 
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= The magazine § iB S eealatd vo the camera. Lift the handle and. lawex it. 
“wotil the hooks fasten onto the suspension rod on the main camera on 
the hood of the anit. Snap the lower end of the magazine into the. 
“Thagazine jateh at the ‘bottorn of the camera unit. Once the magantne 
unit is loaded and set in the camera unit, the film must be advanced 
23 ao the senision: is. Seamed for the first RPOANE Ss: LEE BEERS 


8 While pressing the | flira-advance awitch, Look at the blinking Lights 


| ‘into position. “The Light will ge ‘out when this s perforated section reaches z ~ 


y ek ‘ight s wilt: flash aguie * hie the film is Sean Sor expos ure.” tet the wes 
Tight flash two: or tres times hefore yon: let apt an, me fs-advance: | 
Seu | | Ma 7 BOY ine Net a pe ear 


UNLOADING. The operation of unloading fe < camera ia a simple, os ee : 


= Push the film-advance switch from 1§ to 20 seconds so that the: trailer | ” os 
2 of the film ig wound on the take-up spool. “Look at the: inditater light 
aS cs and Stee it afops Binet e oe trailer. is p through he: camera. a Ba Ne 


oo ® ake: the magazine ‘otf thes camera. aad takes it te the daphne: “Follow. 
the procedures for removing. cover that you read in the loading section. Josue 
4 (Lift out the film’ spool that 26 loaded and place. the empty Spool. ‘into’ its alte 

ena position. Be ‘sure: te note the eee ‘hole: of the seek over the Peccraals 5 

eae end. BE the Hates shaft. : . 2 3 


ee 5 eee 


SS fe apete ce 
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DEVELOPING ROLL : FILM 


The development of thie <k ‘tee is a selativaly. Sages aparanion Once you: Save sok 


vracticed ste ‘The sual difficulties are. ‘threading. the developing. spools. in the ee 


go that the film is wound on them properly. You'will need 3 great. deal of patience at” 
Firat. “Keep in tiod that you have from 300 to 460 exporures: on 2. roll of 70 mm, film 
«gad -you taanot afford fo ruin. ht: wake care, to do each a EE of te B PrOceening t as : well Baio 
ae yee pene San. eae Ge a ee a eee ae BUS, 





haere 


TANK, There: is a: specially deeigned tank that i is aie to: 5 dealings Toll: photo- 
fluorpgraphic film (Figure: 10-7}, It consists of a stainless. steel tank, developing 
- film: ‘gpocls, a motor unit to: turn. the. film throngh the: solutions and @ rubber. hose, 
. The tank is: light: tight. 80: a ne ‘when: it ae ssaied and a staged the: ages in. the darkroom 
can ‘be turned ony : nay ea : 5 


, 


| 3 = the Task | You wilt load fi the tank: an | instructed tase 


= « Pasctes. vhe ahueih, ‘acréws: a tapes both “enda of the tok: ‘Lift the top up 
a ee. ahd. place 4 it to o shi ‘wide, Ne on. , will Bee she film ‘Bepelee Se aan at 


~ 









ee “Ranave the Saat Bek. ‘oa ee the ekaie: at the upoales: “Put he sight 
a oS Bpoo) to one side. Remove the film: retaining clamp: on the eee: 
“ROM about 1 foot of the jeader from the camera spool and fasten it to the 


i aa é Bevslopiog Sunt with the clamp. ‘Remove the left hand spool. “Pat the 





ye eo ee te 





TA atte. ups. Rall the ‘fina onto the ‘right d develop opin 


Ag 6 Spool so ‘that the” 
emnulsion:4 is ee out foward: weer = 


-< oe S53 Sty see v. = = pe 





s ‘hike the. film j is  eolted ‘ake tee Hah developing soot remove he film 

< spook and replace the tefr developing Bpool. ‘Put the end of the film | tuto 
the: ‘alot in this” ‘spool and place: the PRoOt ere so that the: fonmne = the 
ROAD eres date sae Blot math: ne Shay 





; s . Place the ‘planties apoctoy. pepe over See shaft te the toaded b spool and 
: then Toek. the Papeete Aga Whe the: reel Jock BAR : ee 





a ‘Take the fim retaining clamp off the p00! and pat ¢ the film | into. the tatk 





7 o Fagten the thumb serews on. either. ride of the: tank, Je eo 3 





Rot 8a Se 


| PROCESSING ROLL FILM. : ren t the | anit: is i toadea” you “will pascal with ei: 
“processing. ‘This. PROCESSING “will take: a bit. more time thaa ordinary. hadingessine 


film, 


3 


*s 


w 
" ee sytum LSS > = 





“Figure 10-7 Developing Tank’ ~ 


| = Se : 


Pre-Wash.. 2 _ Photatluaenarapiie roll film: is pre-washed. . Pour ‘Sleae gaiee ras 


into the tank, This water should be about 68° F. Tura the handle on ‘the top of the . 
: tank and run a the film Sree the water tee or three time te make | sure that i ia ri 


Se in a This tank will ‘hold : a 5 ation ar ; developers: 3 ‘The pieaapess should ie 
be at 68" F, ‘Pour it ints the tank as quickly “as possible. Place the mator on the unit: 





over. the: handle before you do this and’ plug: it in. The motor will turn the. film back gt 
and forth. The time of development will. depend upon the amount of film. that you. have: 695.355: 
to develop, ‘Each Zull roll will contain | e hundred feet, You may develop: a whole roll. cre ene 
OF a “part: of a: ‘roll, Check the inatructions: ‘on each package of: the film: for the PIQe 
per ‘developing thries: as advised by: the manufacturer. It is important. that. the dea 00 > 
veloper you are using be fresh and at the sight temperature, your solution is not 


pte standard, then don't take a chance ~ aes Hp somes new. e: dolntions Remember Be 
pa ar are a08: to 400 examinations on your ‘roll, Sees Soe : 


gees Rhee developing. pour: the developer out aaa i then. inde: the ‘tilns with 
cleat water at least two tirnes, You may also use.an acid bath, Drain. your tank and. 
pone, sores solution into. the. tank. Tou will fix the film at tenat ten mnUtR Hs” 


: Washing, “When the filma; are Peed, pour the exer out. Lace the thumb screws 3 
‘om: the ends of the tank, Put the rubber hase down into the spout of the tank and turn 
the water on until it pours easily aver fee ae of ee: tank, Leave the. fntoe. on the P Ss 

SRS Waa about 20 Puinures Lee egies Gg eae a Ree eres | Caagee oe on 


vey  Deyiag. Cghate le a Sgpectal. ae 





ng. ‘ett that & ad. fi shinctiuigeoush pial Lae 


| film, Tt ia a moter. driven wheel with heat. jampe- placed at the bottom, The film is ee 
| clipped: oats the: frame and wound around. it. The anit is plugged in and the damps are SEER GENS 


Ons ‘The wheel. frame rotates 80 that the heat is eevely: rete i will take SROTR, 4 30 
to: 45 minutes” to. Sty the film. : 





Figure 10-8. Cut Film Holder , 


‘CUD FILM 


“Some iototluerographic units use 4 x he inch: cut’ ‘Aim, All photafluoragraphic > 
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film has emulsion on one side only, instead of both sides as the regular radiographic 
film, You will have film holders similar to those that are used by photographers, 
The camera unit is usually extended into the darkroom where you can load and unload 
your film. The 4 x 10 size will allow the use of stereoscopic techniques. The film 
holder is placed in the camera unit and pushed down. The first exposureis made. The 
technician pushes his stereo button and the film moves up for the second exposure. 
The technician must then remove the holder from the camera, replace his holder 
shutter, turn the film around and reinsert it into the camera for the next patient. The 
use of cut filmis a little slower than the roll film. More Air Forceclinicsare turning 
to roll film now. 


A handbook is available from the government printing office on all the various 
types of photofluorographic machines. It is a Public Health Service publication and 
gives specific operation instructions for all units. 


HANDBOOK FOR PHOTOFLUOROGRAPHIC OPERATORS, United States 
Government Printing Office, Washington, D.C., 1950, Reprinted 1951, 
Public Health Service Publication No. 18. 


Order from: 


Superintendent of Documents 
U. S. Government Printing Office 
Washington 25, D. C. 45 cents 


You have just completed a rather large section of special procedures and tech- 
niques, These procedures will have many variations, but if you learn the basic steps, 
the others will comeeasy. It will take time and experience in doing these examinations 
well, The important thing to remember is that until you are absolutely sure of what 
you are doing, you must ask questions. Do not attempt to bluff your way through. 
Your work will be measured on what you can do and not what you say. 


The next chapter is your therapy section. Many of the technicians in the Air 
Force will be provided an opportunity to work in therapy sections in the future. This 
chapter will provide you with the basic techniques that you might use. It will fami- 
liarize you with the equipment. Use the illustrations as an aid while you read the 


material. Check some of the local hospitals to see if they have therapy units and 
visit them. 


- QUESTIONS 


1. What is stereoscopy and when is this technique used? 


2. What is meant by shift? What factors must you know to determine the amount 
of tube shift you need? 


3. What are predominant lines? 


4. Explain the procedure you would use in stereoing a skull. 





10. 
11. 
12. 
13. 


14, 


15. 
16. 
17. 
18. 


19. 


2Q, 
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Explain the procedure you would use in stereoing a chest. 
Describe the procedure used in preparing the films for viewing. 
Why are pelvimetries performed? 


What are four of the diameters the radiologist wants to measure ina 
pelvimetry ? 


What are the basic positions used in pelvimetry ? 
Explain the Thom's method of pelvimetry. 

Explain the Colcher-Sussman method of pelvimetry. 
What is meant by "foreign body localization" ? 

How are foreign bodies localized in the extremities ? 


What is the single triangulation method" of localizing a foreign body ? 
Explain procedure, 


What is Sweet's method? Describe Sweet's method. 

What is photofluorography ? 

What equipment is necessary for a photofluorographic unit ? 
How would you calibrate your photofluorographic machine? 


Explain how you would develop photofluorographic film in the Fairchild-Smith 
tank. 


How is cut film used in photofluorographic procedures? 
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film has emulsion on one side only, instead of both sides as the regular radiographic 
film. You will have film holders similar to those that are used by photographers. 
The camera unit is usually extended into the darkroom where you can load and unload 
your film. The 4 x 10 size will allow the use of stereoscopic techniques. The film 
holder is placed in the camera unit and pushed down. The first exposureismade. The 
technician pushes his stereo button and the film moves up for the second exposure. 
The technician must then remove the holder from the camera, replace his holder 
shutter, turn the film around and reinsert it into the camera for the next patient. The 
use of cut filmis a little slower than the roll film. More Air Forceclinicsare turning 
to roll film now. 


A handbook is available from the government printing office on all the various 
types of photofluorographic machines. It is a Public Health Service publication and 
gives specific operation instructions for all units. 


HANDBOOK FOR PHOTOFLUOROGRAPHIC OPERATORS, United States 
Government Printing Office, Washington, D.C., 1950, Reprinted 1951, 
Public Health Service Publication No. 18. 


Order from: 


Superintendent of Documents 
U. S. Government Printing Office 
Washington 25, D. C. 45 cents 


You have just completed a rather large sectionof special procedures and tech- 
niques. These procedures will have many variations, but if you learn the basic steps, 
the others willcomeeasy. It will take time and experience in doing these examinations 
well. The important thing to remember is that until you are absolutely sure of what 
you are doing, you must ask questions. Do not attempt to bluff your way through. 
Your work will be measured on what you can do and not what you say. 


The next chapter is your therapy section. Many of the technicians in the Air 
Force will be provided an opportunity to work in therapy sections in the future. This 
chapter will provide you with the basic techniques that you might use. It will fami- 
liarize you with the equipment. Use the illustrations as an aid while you read the 


material. Check some of the local hospitals to see if they have therapy units and 
visit them. 


QUESTIONS 


1, What is stereoscopy and when is this technique used? 


2. What is meant by shift? What factors must you know to determine the amount 
of tube shift you need? 


3. What are predominant lines? 


4. Explain the procedure you would use in stereoing a skull. 
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Explain the procedure you would use in stereoing a chest. 
Describe the procedure used in preparing the films for viewing. 
Why are pelvimetries performed? 


What are four of the diameters the radiologist wants to measure ina 
pelvimetry ? 


What are the basic positions used in pelvimetry? 
Explain the Thom's method of pelvimetry. 

Explain the Colcher-Sussman method of pelvimetry. 
What is meant by "foreign body localization"? 

How are foreign bodies localized in the extremities ? 


What is the "single triangulation method" of localizing a foreign body? 
Explain procedure. 


What is Sweet's method? Describe Sweet's method. 

What is photofluorography ? 

What equipment is necessary for a photofluorographic unit ? 
How would you calibrate your photofluorographic machine? 


Explain how you would develop photofluorographic film in the Fairchild-Smith 
tank. 


How is cut film used in photofluorographic procedures? 
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| Radiation Meare: «to many. tanbotriaae: this procedure is a: highly denelinated nee es ee 
and mysterious section. of their Held, This. chapter is to be devoted to familiarizing 
“you with the equipment, procedure and vecords that are maintained by the therapy 


section of an X-ray clinic, Because af, the arnaqunt of time that is necessary for these | 


procedures, and the differsnces: in the: techniques, a technician doing thetapy: work is. . ae 
asually separated from. the diagnostic. pection. Ja many instances in civilian life, a 


technician works ouly with therapy aud hag. oF knowledge of the diagnostic procedures. | 
In the’ Air Force, a five: pr gevenrlevel skill Seguros knowiedae ¢ of: chereey' proce- 
dures. aa well as x cece Seobataaees ( | 


will find his eonk highly TDG ihavipe requires: very etawe Rarktae telations: oe 

With the: radiologist. ‘This enables you to expand your knowledge of. radiation, | AB 

 éffects on human tissue and the. tatertals: and equipment involved in producing padie 022: 
: vation.. Knowledge of therapy provides the technician with a greater feeling of: profes- Sa 

oH ‘sionalism. Being realistic, however, few of the technicians in the Air Force at the: «: 


present time will have the ‘opportunity to work with radiation therapy. — ‘But is the fu-. | 
tare, possibly the nekt five to ten years, : the field of radiation therapy: will be greatly 
expanded, You: should : ‘prepare. forthe future, In. view of the above. atatement, you 


may wonder why you should atady therapy if yoo may never work with it, The answer)... 
to thie is the need for preparing yourself for the future possibilities af being assigned = 
to stations having therapy units, and the increase in the number of ¢ therapy centere oo: 
that will come in the next few years, Whether it can be realized at this point or not, 
you muat contigually keep storing ap knowledge for future use. Although it wil take” SEA 
some actual experience in a therapy section to hecomed thoroughly: familiar with the 
‘duties involved, you. will glean, from. this chapter, some of the. background knowledge. a etieas 
which will make those duties more meaningful and easier to perform, You fan, learn ee a, 


rerapy: ivet like you have learned. Oe are earning the. diagnostic procedures, eet 


The treatment ‘of disease with radiation is presently divided between. two ise = a é ‘ : 
niques, These techniques are the X-ray radiations provided by Xeray machines and 


those radiations provided by radioactive materials, Radium, of course, is the most. 


familiar radioactive Babstance, The advent of the other radioactive materiale with. trees 


ys Pewre ia Te 


in the past ten to fifteen yaaye t ia throwing continuous new 6 HN: ou Fr eate ent of various. A 3 us Et 
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The material presented in this chapter is basic. Attempts will be made to give 
you information which will helpyou better understand what is happening, but you must 
realize that in therapy you will be required to research on your own for a great deal 
of your information. 


YOUR THERAPY SECTION 


Your duties in X-ray therapy are to assist the doctor as requested, operate the 
controls of the equipment as directed by the doctor, and maintain the therapy re- 
cords. You will be under the direct supervision of the radiologist at all times. 


Let's begin your first day in a typical therapy section. The section will be com- 
posed of a reception, deep therapy, and superficial therapy areas and a doctor's office. 


The time is 0730 and as you look up, a technician enters the section and sits 
down at the reception desk. Before him on the table is a standard bound ledger. The 
ledger has a title written on it. The title reads, ''Therapy Appointment Schedule", 
The technician opens the ledger, glances at its contents and begins to prepare for the 
day's work ahead. As he begins to get up, he sees you in the doorway and says, 
"Hello, what can I do for you?" 


"I'm here to learn a little about how the therapy section works", you say, "and 
I'm to see Sgt. Blank." 


"Fine. I'm Sgt. Blank and I'm glad to have you with us. You will have a great 
deal to learn, but I will try to help you all I can. I will show you around so you can 
see some of the equipment we have here," 


"I'm ready to start,"' you answer. 


-Waving an all encompassing hand, Sgt. Blank begins to explain the therapy sec- 
tion to you. "This is a model section for a therapy unit, but you will probably see a 
wide variation from this in other clinics throughout the Air Force. This room is re- 
served for the doctor so he can examine the patients as they come to the clinic for 
treatment. The large room is the deep therapy room. The smaller room is the 
superficial therapy room. And, of course, you are now in our reception area," 


"T think it would be better", he continues, "if you learned what is done in each 
area and the equipment we have in them before we get too far along. The reception 
area is really the beginning so we will begin here," 


RECEPTION DUTIES 


''When a new patient comes to this clinic, he will bring two copies of aform 
known as the SF 513, Consultation Sheet. (Figure ll-1). This request will be re- 
viewed by the doctor and he will examine the patient. If the doctor feels that radia- 
tion therapy will benefit the patient, he will tell you to makean appointment for treat- 
ments." 
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CLINICAL RECORD | CONSULTATION SHEET 





REARPOM POR REGRET (Cempleiats eed fadinge) 


Air evacuated from Keesler AFB, Missiseiyy;4i for deer x-ray therary. 





Teratoma, malignant testis, right, with abdominal retastases 
BOCTOR'S SIGNATURE PLACE OF CONSULTATION DC routine 
Desvewe 38 [Jon cau CD emareaency 


CONSBLTATION REPORT ) 





(Continued on reverse side) 






WGNATURE AMD TITLE (DENTIFICATION NO. 


AF CCCC111 TCEtr AE G 


REGISTER NO. 


3@1Cth USAF Hosp. Naxwell AFE, AJatama eee 


(MAME OF HOSPITAL. OR OTHER MEDICAL FACILITY) 






PATIENT'S LAST MAME—PIRST NAME—MIDOLE NAME 


@. G. GOVERNMENT Painvine Orrice 16—66119-8 ? 


Figure 11-1 Consultation Sheet, SF 513 


THERAPY LEDGER. At this moment, a patient comes into the therapy clinic. 
Sgt. Blank looks up and greets the patient. Asking the patient to have a seat, while 
he prepares for the treatment, he turns again toyou and says, "This will help you in 
seeing how we fill out this ledger. This patient was given an appointment for this 
morning at 0745. This is his first visit. On the first visit for treatment, we give 
him a case number out of the ledger here. In this ledger we put his case number, 
name, rank, whether he is an outpatient or a hospital patient, and whether he is to 
receive deep, superficial or radium treatment. We willenter this same information 
in this ledger each time he comes tous for treatment. Wealsomake out a 3 x 5 index 
card for him." 


INDEX CARDS. Youwatch as he makes out this index card. He types the case 
number, name, rank, service number, organization, date and disease. (Figure 1l- 
2, Index Card). 


"If this were a civilian or a dependent," he says as he types, ''we would place 
the status of his eligibility for treatment, such as dependent of sergeant so and so, 
and his phone and street address for reference purposes. 


CASE #716 V-C-37-Z EMBRYONAL CARCINOMA 


Able, Ima Gonabe, A/2c AF 0000111 l. John D. Green 1954 
5705th ABGp 


5 July 57 2. Ima Gonabe Able 1957 


Teratoma with metastisis, right testis 





Figure 11-2 Index Card Figure 11-3 Pathology File Card 


"In our clinic we also make out two other 3x 5 cards. These cards are used 
for our pathology file (Figure 11-3). This pathology file is kept ineach section of the 
hospital, if your hospital is accredited with the Joint Board of Accreditation. The 
file must be cross-indexed as to type of disease and the part affected. The illustra- 
tion of the classifications you see is only one of a variety used in Air Force clinics. 
You see on the first index card that we have the disease entered. From the classifi- 
cation chart you will be told that it is a Neoplasm. This is Number V. The "C'' will 
show that it is malignant. The number, 37, tells you the part that is involved - the 
testis. And at the bottom of the chart you will see the 'Z"', which shows that it is a 
proven diagnosis. On one of your index cards you will place this code, as on this 
card: V-C-37-Z, Teratoma (Embryonal Carcinoma), a neoplasm, malignant, of the 
testis and a proven diagnosis. The cross-index is made with the other card. This 
card will be made to show the part as the first number: 37-V-C-Z. This file will be 
used in studying the various types of diseases and the parts where these diseases 
occur. You will alsonotice that there are a number of names indicated on each card. 
Each time you have a case of the same identical classification you will put it on that 
card. In this manner you can see the frequency of this disease and the doctors can 
describe the effect of their treatment on these diseases. If you will read some medi- 
cal literature you will see that they quote so many people treated for this disease, 
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78 cured, 10 improved, and 2 no results, etc. These files help in the research and 
study of disease and effect of treatment." 


PATIENT RECORDS 


"Now, the patient will be seen by the radiologist. When he comes out, the ra- 
diologist will tell me the information I will need to start the patient's treatment. We 
will weigh the patient first. Then we will fill out forms for examinations thatare done 
before we start the treatment. We store all of the necessary forms in that file cabi- 
net over there. Would you go over and get me one of each kind you see, please?" 


"Do you see how they are filed?", heasks you. "Each form number is filed in 
an individual manila folder," 


When you open the file drawer or storage cabinet you will see a number of forms, 
Labeled on each folder will be the title and form number. These forms are standard 
medical forms, obtained from medical supply. You will establish a "stock level" of 
the forms listed below: 


SF 514a Urinalysis 
SF 514b Hematology 
SF 514d Blood Chemistry 


SF 514m Miscellaneous Test or Examination 


SF 509 Doctor's Progress Notes 

SF 513 Consultation Sheet 

SF 514 Laboratory Report 

SF 519 Radiographic Report 

SF 519a Radiographic Report (Request Form) 
SF 524 Roentgen Therapy 

SF 525 Roentgen Therapy Summary 

SF 526 Radium Therapy 

SF 502 Narrative Summary 


"That's a good number of forms, isn't it''? he asks you. And you, of course, 
are nodding your head in the affirmative. 


"If you will bring those forms back to the desk, we will continue. Withso many 
forms we will need to have something to put them in. This manila envelope is the 
one we use. We will write this patient's case number, name, rank and thedate on it." 
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Sgt. Blank tells the patient that the doctor is ready to see him and directs him 
into the office and introduces the patient to the doctor. Returning tothe desk, he 
says, "We'll be ready to complete our preparations for this patient as soon as the 
doctor finishes with his examination. While we wait, I'll go over what we have done 
to this point. You have seen how I have received the patient. He has come in for 
treatment and I checked my appointment book for his name. All thenecessary infor- 
mation is entered in the book and acase number assigned to him. An index card was 
prepared and two index cards were made for the pathology file. You have gotten all 
of the necessary forms out of the file cabinet and you have seen that a manila file 
envelope has been prepared. When the doctor was ready for the patient, I took him 
into the office and introduced him to the doctor. The patient, when he came for his 
first appointment, brought with him two copies of SF 513, Consultation Report. The 
original copy of SF 513 will be returned to the requesting doctor after the radiologist 
describes the probable course of action he will take in treating the patient. The du- 
plicate copy will be filed in the patient's file, anenvelope, as arecord of the therapy 
treatment he is going to receive," 


ASSISTING THE DOCTOR 


As Sgt. Blank finishes this summary, the door to the doctor's office opens and 
the doctor and the patient come out. 


"Come along with us now," says Sgt. Blank, "and you can see what goes on in 
the treatment room." 


In the room you watch Sgt. Blank and the doctor closely. The sergeant goes 
to acabinet and gets a solutionof "gentian violet", cotton swabs on sticks and a centi- 
meter ruler which is made of transparent plastic. The doctor directs the patient to 
lie down on the couch you see near the machine. The doctor takes the items from 
Sgt. Blank and you watch as he begins to mark out areas on the body of the patient. 
You see him mark out an area on the abdomen in the front and one on the back, one 
on the right inguinal area and areas over the right side of the chest, both in front and 
in back. He takes the ruler and measures each of the areas that he has marked off. 
When this is done, he tells the patient to lie comfortably for a bit, while he and the 
sergeant make other preparations. He motions to you to come as they begin to leave 
the room. 


"You are fortunate on this case," the doctor says to you. ‘We are going touse 
all of the various forms on this patient. Usually, they are not all used at once." 


Turning to the sergeant, the doctor tells him to get the forms out that you had 
begun to prepare before the patient came into the clinic. 


FILLING OUT FORMS 

"Sergeant," the doctor says to Blank, "I want to have a urinalysis, hematology 
and blood chemistry after the treatment today. Also make up my doctor's progress 
notes sheet. I'll be back in a minute to give you what we need for the SF 524." 


"Yes, doctor," Blank says and begins to get the laboratory requests ready. 





11-7 


"The yellow slip," he tells you, "is the SF 514a, Urinalysis. You will fill this 
out likethis modelform that I have here. You will put down on the slip or check those 
things that the doctor wants. If he wants a specific examination, other than the rou- 
tine, he will tell you. The same is true for the other forms, Hemotology, SF 514b 
and Blood Chemistry, SF 514d. If there are tests he wants of the tissue cells or some 


other type of examination, he will tell you and you will put this request on SF 514m, 
Miscellaneous Test or Examination," 


After filling out the laboratory forms, Sgt. Blank begins to fill out a SF 519A, 
Radiographic Reports. 


"Why are you doing that?" you ask Blank. 


"This is usually a routine thing for us to do when the patient comes for his first 
visit. We take a PA and a left lateral chest of each patient and, of course, we weigh 
him. We also prepare a SF 514, Laboratory Reports anda SF 519, Radiographic 
Reports so we can file each of the patient's laboratory and radiographic reports. A 
model form will be found on pages 11-31 and 11-32. Study these over so you see how 
they are filled out. Every time the patient has some work done, these reports are 
placed on these two forms and become part of the patient's Clinical Record. 


"The progress notes the doctor mentioned is this form, SF 509, Doctor's Pro- 
gress Notes. During the course of the patient's treatment, the doctor will make notes 
on the progress of the treatment. See Model form on page 11-33. 


"Before the doctor gets back, let's see what has happened since he and the pa- 
tient came out of the doctor's office. You watched us take some of that purple dye, 
gentian violet solution, and mark off various areas on the chest, abdomen and right 
inguinal area. These areas were measured and then we came out here. I was told 
to prepare a SF 51l4a, Urinalysis, SF 514b, Hemotology and SF 5l4d, Blood Chem- 
istry. I also told you that when other types of examinations are required of the lab- 
oratory. we used SF 514m, Miscellaneous Test or Examination. I filled out aSF 
519a, Radiographic Reports, for a PA and left lateral chest, which you asked me 
about. We prepared SF 514 and SF 519 so we could file our laboratory and radio- 
graphic reports. And I have prepared for the doctor SF 509, Doctor's Progress Notes, 
which he will use during the course of treatment. When the doctor comes back you 
will see how we fill out the SF 524, Roentgen Therapy. Here he comes now," 


TREATMENT INSTRUCTIONS 


"Here we go again," the doctor says, and looking at you, "This may sound like 


Greek to you now, but as the sergeant gets further along you will see that it will make 
sense," 


Turning again to the sergeant, the doctor begins, ''This patient has Teratoma 
with metastasis, right testis, I am going to use 250 KVP, Thoraeus II filter, 70 
cm TSD and 30 MA. I want to give the anterior abdominal portal, 2200 r; posterior 
abdomen, 2100 r; anterior chest portal, 2900 r; posterior chest, 2900 r and the right 
inguinal region, 2200 r. I want to alternate between anterior and posterior portals 
daily. Wewill give 200 r per day to the abdominal portal and inguinal area and 300 r 
to the chest portals. The abdominal portals will measure 10 x 30 cm, the right in- 
guinal portal, 6 x 10 cm and the chest portals, 5 x 5 cm." 
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Taking the SF 524, Roentgen Therapy form, the sergeant begins to fill it out. 
Looking over his shoulder, you watch as he writes. 


Circular A-32 (Rev.) 


CLINICAL RECORD ROENTGEN THERAPY 


CIAGNOSS OATE OF REQUEST 
Teratoma with metastasis, right testis Pe foal eke 2. Jul §7 


He then enters the physical and time factors that the doctor stated. 





After that the exposure factors were included on the form. 


EXPOSURE FACTORS BOSE 
|e TO SKIN (Oy | TUMOR OSE (02) 
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Pee fe os Mee Mn ee i 
Dice Mb ea Nee eee ee ae ee sere 
ioe ete TP ee pe af ee ee Bd 
| = is] sS OPAL TUMOR DOSE (O,) IN OAYS = r 


The next portion of the formis very important. It providesa complete picture of 
the treatment area, The diagramming should be drawn clear and carefully. There 
are times when the technician completes this section. The radiologist then checks it 
for accuracy of measurements and for instructions, Frequently there are necessary 
changes in the technique such as adding: new treatment areas or angulating the beam. 
All of the additions are placed on the diagram. 


The body outlines presented on the form allow the radiologist to show most any 
surface being treated. The two head views can be used for right and left side ports. 


In cases where radium implants are used, such as cancer in female genital or- 
gans, an additional diagram is used. This diagram outlines the location of each im- 
plant and shows the pattern of the placement. Certain clinics may use local forms 
for various areas of the body, such as breasts, and include them in the patient's file. 
All treatment dataare included on the form in the same manner as that found on the 
X-ray treatment diagram. If any form becomes crowded to a point of possible error, 
it should be reaccomplished. Check the original form closely against the new one to 
be certain the new form is accurate. 
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250 KVP MAXITRON - one THERAEY, UNIT 


ae ee mim 


ee will need to get 300. and 200° Foentgens, warm up ‘our ety 
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3 ea Force heck clinics, It ie a deep therapy machine, Deep therapy uses kilovoit 


ee ON - panges from 180 to 250 KVP. It ie used for deep internal tumors in the body. With 
veo oe BEERUAGSY. devices, it can be eae body: cavities auchas the mouth. or wacial space." = 


is looks pretty big to move easily, you say. 


| Yes, ’ te looka that. ways hae ie is mutta fiexible 2 as you will see laree? ‘Ke ads-: } 
wers, "But, now, Twill try to show you the machine, After that I will ahow youthe 
other pieces of equipment we will age in getting up: this petaee e treatment aad. then pe : 
3 how Eyor how: we poston: and mask the patents! A % ? 3 CURSES SORES 


"The paathioe ie iniade is isan parte, ‘The ‘tube: ale thar your s¢e in he room : 
is. part of the power unit. Part of this power anit iz: outside. af the therapy room, 


while the transformer and tube section are in the part you se6 here, The other part e: 


of the anit is the control i eppet section. I will show. Te ‘how to ze Sperats.* the Soateol ae 
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‘CONTROL PANEL 250 KVP MAXKITRON. "One of the first aieatss tolearnhow _ 


to control your machine. You notice that the machine may be set on a shelf or desk, 2 


This machine must be warmed ap hefore you can give a treatment with it, Thia Warm= = 
ing up: ‘period is ueged to check your various lights. and diale, In ‘reality, the: ‘warm: Ape 85s 
igused to decreage, to operating Yewel, the resistence. in the various circuits. : Notice: rears 


that thig control panel has some things that are siniilar to those of the. diagnostic ma- 


chine, These are the line switch, KVP selector, KV meter, MA meter, MA selector _ s 2 
and timer. There are a few things that are not familiar toyou, The lights at the top, = _ 


for instance - doors, water, shutter closed, shutter open, gas and foctis ~ are new 
fo you, Also, on the’ ‘Left, next: to the. KVP. meter, is anew addition. 3 This: ie the 
filter indicator, In the center of the ‘panel. dea Victoreen Integron TV. This device _ 
: is used for direct qeadinas of the number af ‘ree that are Si Beene while. the. Re 

is ont Sises3 
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will see thatthereare.printed directions right above the panel for you tofollow. These 
directions will usually be over any panel that you operate. Let me caution you to be 
sure and follow these directions, step for step, and always use your chart to insure 
that you have followed each step. Follow me through each step. 


1. Close the wall line switch. This brings current into your panel, 


2. Depress the button ON where you see the word LINE. When this button 
is pressed, a number of things happen. Some of the lights on top of the 
panel come on. You will see Line, Shutter Closed, Gas, and Focus light 
up green. If the doors to the room are closed, the light marked DOOR 
will turn on also. Now these lights tell you things. 


@ Line - 


@ Doors - 


@ Water - 


@ Shutter - 
Closed 


@ Shutter - 
Open 


@ Gas - 


@ Focus - 


The light indicates that current is being applied to the unit, 
This current begins to apply power toyour autotransformer, 


The door to your room has a contact switch built into the 
frame, so that when the door is closed, the light will show 
this on the panel. If this door should be accidently opened, 
during treatments, the light will go out and the machine 
will automatically shut off. Also, the door light must be 
on before the machine will begin treatment. It is a safety 
device. 


This machine is water-cooled. When the light is on, it in- 
dicates that the cooling system for the tube is operating 
properly. This light is ononly when X-rays are being pro- 
duced. This water comes from outside your room into 

the tube. The water system has a certain flow through it 
at all times. [If the flow of water is not correct, the unit 
will automatically cut off the exposure. The light indicating 
water will be out. There is a great deal of heat produced 
in a therapy tube and water helps disperse this heat. 


There is a system of shutters in this machine that open up 
to allow the X-ray beam to escape thetube during the treat- 
ment. During this warm up period the tube will be pro- 
ducing X-rays, but you should not have them escaping until 
you want them to. This light should be ON unless you have 
pushed the SHUTTERS OPEN button. 


This light should not be on when the Line ON button has 
been pushed. When this light is ON it will be red and X- 
rays will be escaping from the tube, 


The high voltage system is insulated with sulphur-hexa- 
fluoride gas (SF¢) instead of oil as you will find in some of 
your diagnostic machines, If the gas is at the correct pres- 
sure, the light will be on. There is a pressure gauge on 
the side of the transformer in the treatment room. 


The light will indicate that the focusing coil is energized 
and that the filament of the tube is heated. 
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3. 


9. 


10. 


ll, 


@ X-ray - When this is lit you know that X-rays are being produced. 
If the SHUTTERS OPEN light is on, it will mean that these 
X-rays are getting out of the tube. With the SHUTTERS 
OPEN light out, the rays are not escaping the tube. 


Check each one of these pilot lights. This is the third step and an im- 
portant one. The lights should be in the following condition at this point 
in the warm-up. 


LIGHT OPERATING CONDITION 

LINE ON 

DOOR OFF (Unless door is closed) 
WATER OFF 

SHUTTER CLOSED ON 

SHUTTER OPEN OFF 

GAS ON 

FOCUS ON 

X-RAY OFF 


You now have to wait five minutes. Check your watch. To this point, 
you have really done only three things - turned on the line switch, pushed 
the LINE ON button and checked the pilot lamps. 


The next step, while you are waiting, is go get everyone out of the treat- 
ment room. 


After evacuation, close the treatment room door. 


When five minutes are up, set the milliampere switch to the letter 
marked A. 


Once the milliampere switch is set, you set the timer for five minutes. 
This timer has minutes and seconds on it. The knob in the center of 
the timer is turned clockwise to five. There is a little black needle 
which you use to set the seconds when you need them. 


You next set the filter indicator on the left side of the machine until it 
lights. There may or may not be a filter in the tube. Turn the jknob 
until you see a light. 


Go back to the timer and turn the little switch in the lower right hand 
corner to ON. | 


Next push the X-ray ON button. Hold this button in till the light indicating 
X-ray is on. The milliampere needle will rise to ten on the meter. 
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12. Turn the kilovolt selector clockwise to 150 KVP. This selector will not 
click as in the diagnostic machines. It is a spring type selector, so as 
you turn it, you must use care until your KV needle rests on the figure 
you want. Watch it for a moment to see that it stays where you put it. 
It may wander up or down a bit. 


13. After the kilovoltage is on 150 KVP, hold the SHUTTER OPEN button in 
until the red SHUTTER OPEN light comes on. Be sure that this light is 
on and that the SHUTTER .CLOSED light is off before you release the 
button. All the lights will be on except the SHUTTER CLOSED. All the 
lights will be green except the SHUTTER OPEN light. The machine will 
be releasing X-rays outside the tube. The timer will begin to turn. 


14, During the five minutes, you will gradually raise the kilovoltage and 
milliamperage until 250 KVP at 30 MA is read on the two meters. This 
is usually done in the following manner: 


@ Each minute raise the KV in steps of 25 KV and at the same time turn 
the MA switch to B, C, D, E, etc. 


At 0 to 1 minute turn to 150 KVP - 10 MA - Position A 
At 1 minute turn to 175 KVP - 15 MA =} Position B 

At 2 minutes turn to 200 KVP - 20 MA - Position C 

At 3 minutes turn to 225 KVP - 25 MA - Position D 

At 4 minutes turn to 250 KVP - 30 MA - Position E 


15. After five minutes, the timer will click, the X-ray will go off. Lights 
marked WATER, SHUTTER OPEN, and X-RAY will go off. The SHUT- 
TER CLOSED light will come on, LEAVE THE UNIT ENERGIZED. Do 
not push the line OFF button of the main line switch on the wall. This 
unit can be kept on all day. Each time it is shut off it will be necessary 
to warm it up again. By warming it up the first thing in the morning, it 
will be ready for all the scheduled treatments throughout the day. This 
is different from your regular diagnostic machines and you must keep it 
mind," 


"Wow!" you say. 'I don't thing I'll ever be able tao remember all of that." 


“Well, yes, it does seem like a great deal to remember," says Blank. ‘How- 
ever, keep in mind that it takes experience and actual practice todo it and understand 
what is happening. But, remember, also, that the directions are available with every 
unit, that they are posted near your panel and that they include onlythe directions and 
not the explanations that I have given you. 


"Some trainees don't have thesemachines, sothey could learn this better if they 
would use the illustration of the control panel, read the directions and use their imag- 
inations in actually operating this unit. For instance, if I spoke of lights, they could 
turn back to the illustration and imagine they see those lights turn green or go off." 
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Figure 0-5 The Table 
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‘Figure At of The Tube 


pin and lock pin for the cones and diaphragm that | 


THE CONTROL STATION, The movement. ef ea tube unit is accomplished — 
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Figure 11-7. The Control Station 
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| tS move the machine up and down, you have to move the fork mounting, The 
first awitch on the top marked FORK HGIST is used for raising or lowering: the tube. 


The fork. mounting is. angled with the FORK ANGULATION switch, The three brake — = 
switches that you see are used to release the magnetic locks of the ring and fork < 
: mountings, You may release the mountings individually, or with the master brake —- 
switch, all of therm. Don't think you have broken something if you hear a definite 


clack or ping when the master beake ewitch is Tera ees: fe Hin pave eletetege. The Sas3 
others may not ata a ideal feo 
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FUSE, M8 Visual Localizer Diaphragm 
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ample, if our machine was producing a beam of 10 X-rays, of all wavelengths, and 
we placed a 1 mm thick sheet of aluminum under it that cut out 5 of the longer wave- 
lengths, the half-value layer for that beam would be 1 mm of aluminum. You can see 
that with the 1 mm of aluminum filtering out the 5 longer wavelengths, you would 
have.a better quality beam. 


"Now the half-value layer of a beam of X-raysis affected by the amount of kilo- 
voltage and filtration used. It is also affected by the type of metal that is used in the 
filter, Because of this, you must figure how much filtration would be needed at each 
KVP setting. One mm of aluminum will show different filtration of the beam at 250 
KVP and 200 KVP. In other words, the quality of the beam would be different at these 
two KVP's. You will also see a difference in beam quality if youusea 250 KVP witha 
copper filter and an aluminum filter. The thickness of the filter will also show a 
change in the quality of the beam. The intensity would differ if you used 1 mm of 
aluminum and then 2 mm." 


"This is certainly complicated," you say. 


"Yes, it is a little difficult to understand at first,'' Blank says, "but maybe if 
I explain how this X-ray is stopped in various materials, it will help you understand 
better. 


"Actually, the X-ray energy is ABSORBED in materials. In other words, the 
energy of an X-ray photon disappears into the atoms of a substance. Just remember 
that the energy is not destroyed, but disappears from its original form into some other 
form. Absorption is really the process by which the energy in a beam of X-ray is 
reduced as it passes through a substance. The energy is transformed into mass or 
other wavelengths of radiation by striking the electrons or the nucleus of the atom it 
hits. This disruption of the normal balance of energy, in the atoms of a substance 
like tissue, causes chemical and physical changes in that substance. 


+ "Now, in filters, this absorption reaches a certain point and then begins to de- 
crease, letting out long wavelengths, which formerly it absorbed, just as if there 
were a hole in the filter. What is happening? There are certain CRITICAL WAVE- 
LENGTHS in the beam, that are producing characteristic radiations from the absorb- 
ing material itself. You will remember from your physics that each material has 
certain characteristic radiation produced init. It is for this reason that you have a 
number of metals for filters and different thicknesses of the same metal. When the 
beam produces, in the filter, the right type of wavelength which will cause it to pro- 
duce its own characteristic radiation, its limits have been reached. Thus, a certain 
quality beam that causes 1 mm of aluminum to begin to emit radiation, instead of ab- 
sorbing it, must have anadded thickness to take care of this radiation, or the alumi- 
num must be replaced with another type metal. 


"Aluminum and copper are the more common filters because of their critical 
wave-lengths. Generally, the diagnostic machines do not generate the X-ray wave- 
length that will cause the production of their characteristic radiations. In therapy, 
however, such wavelengths are generated and you will find combinations of metals in 
various thicknesses. Where the critical wavelength is reached in one metal, causing 
it to produce its characteristic radiation, the other metal will absorb that radiation 
and’the filtration quality will be increased. You should see the reason, now, for the 
combinations of metals in the filters that you have seen, The aluminum will absorb 
the characteristic rays of the copper. The air will absorb the radiations from the 
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Figure se gas Intracavity Therapy Gone a 


| POSITIONING THE PATIENT 


The duttne comes back: tty. She room after: Sgt. Blank hak finished falling y you ae 
og how. to warmup the control, explained about the tube and table, control station, and 

the other equipment, | ‘Yeu watch | him, now, as he prepares ta: ‘place the patient into | 
position. You have noticed that the areas that he marked out on the patient were areas — 

‘that could be. exposed: while the ‘patient was. iyingon hie back or stomach, Sgt. Blank — 
places a clean sheet: and: pillow onthe table, The doctor asks the patient to lie down _ 
on the table on hie back. ‘Sgt. ‘Blank. brings the distance calculator to the tube and 
inserts it, He turns. on the light switch onthe visual localizer diaphragm. The tube 
is too low, so he goes to the control’ station and raises it. The doctor unlocks the 
table by palling up the lock lever and rolls the table under the tube, The light from 
the diaphragm shows on the patient's. _abdornen.. The sergeant brings the tube dawo — 
“until ehS: ShETS Ree. calcalator sat, touches the SPER ‘The dortor removes the Siagaace | 
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calculator and hands it to the sergeant. Then the doctor adjusts the shutters in the 
visual localizer until the light outlines the port marked on the skin. The sergeant 
brings the doctor a lead rubber mask, which the doctor places over the area to be 
exposed. He adjusted the table and diaphragm until he has the light outlined exactly 
within the opening of the mask. The doctor then locks the table by pushing the lock 
lever down. 


"We'reall ready to gonow,'"' the doctor tells you. "Sgt. Blank will tell you how 
to set your machine up for actual treatment operation, how to figure how much time 
you will need for the amount of roentgens I want, how to watch your patient and will 
then finish telling you how to complete the forms you started earlier. I will check 
everything before the actual treatment begins." 


"I'd like to ask one question, doctor," you say. "Do you always use the PA and 
AFP positions for therapy?" 


"We generally try to use these positions because of the amount of time it takes 
to treat therapy patients, They sometimes are exposed for periods over five minutes. 
Patients wouldn't be able to hold strained positions for any length of time and it is 
very important that they do not move, If they move they will be exposed in areas that 
exposure isnot needed and this is detrimental. Whenever a patient moves, the treat- 


ment must be stopped and the patient re-positioned. This is very important for you 
to remember. 


"Usually we take a radiographic film of the patient in position to check the ac- 
curacy of our position. Sometimes we take it on the tablein the treatment room with 
the patient set up as for a treatment. Generally, however, we take the film in the 
radiographic chamber. We place the patient on the tablein the proper position, place 
the mask over the port and project the area revealed in the mask. In this manner, we 
can check to see if the field covers the tumor area we want to treat." 


As you leave the room, the sergeant closes the door to the treatment room. 


SETTING UP CONTROL FOR TREATMENT 


"Okay", Sgt. Blank begins. ''You have seen the doctor and me attach the visual 
localizer to the machine. The patient has been positioned and masked. The filter 
was inserted into the filter slot. The only person in the room is the patient. And 
the treatment doors are closed. 


"Looking at the treatment instructions that the doctor gaveus, youcan see that 
we are going touse 250 KVP, 30 MA, 70 cm TSD, a Thoraeus II filter and 200 roent- 
gens to the right inguinal area. This area is to be our number one port. We also are 
going to treat number two port and number three port, the AP abdomen and AP chest 
ports. Number two port will receive 200 roentgens and number three, 300 roentgens." 


ROENTGENS IN AIR, 'We have been talking about roentgens and not about MAS 
you will notice. You will alsosee on the SF 524, the abbreviation 'r/a' after the do- 
sages. This abbreviationmeans 'roentgens in air', Because we cannot measure the 
exact number of roentgens within the tumor area deep in the body, we use the roent- 
gens that are produced in air. These roentgens are produced in air and not in the 
tissue. The doctor has charted calculations which tell him that a certain percentage 
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of the radiation will reach the tumor area and cause reactions. You will recall that 
a roentgen is so many ion pairs produced in a certain amount of air. Ion pairs are 
also produced in tissue as the rays pass through, and because a certain percentage 
of them must be produced in the tissue before the rays even reach the tumor, all of 
the roentgens don't affect the tumor. These roentgens affect the normal tissue above 
the tumor. At any rate, the air is similar in atomic structure to the tissue of the 
body and readings in air provide a means of measuring the amount of ionization that 
may occur inthe body. The effect of these roentgens are shown in the degree of 
biological change in the tissue. 


"We are to give 200 roentgens in air. How do we get this? There is a chart 
posted near each machine which will show the amount of roentgens that are produced 
at certain KVP's, MA's filters and distances. These are roentgens produced per 
minute, In regular diagnostic radiography you use MAS or milliamperes times sec- 
onds. You know that if your machine is set at 10 MA, you will produce 10 MA per 
second, In therapy you are producing roentgens per minute. This is sometimes ab- 
breviated 'RPM'. This chart is the calibration of the unit. Looking at this chart, 
you can see that at 250 KVP, 30 MA, Thoraeus II filter, and 70 cm. TSD, the tube 
will produce 33.3 'roentgens per minute’. Our techniques call for 200 roentgens. 
You will just divide the number of roentgens produced in one minute into the number 
of roentgens you want. Figure your time to the nearest second, 


5 
200 + 33.3 = 6 minutes and '¥ seconds 


"You will expose your patient six minutes and three seconds every time you give 
a treatment with those factors. Each minute you will be exposing the patient to 33. 3 
roentgens in air.'' See Dosage Chart on Page 11-34. 


OPERATING THE MACHINE FOR TREATMENT 


"Again, you will see a chart that tells you how to operate the machine for an 
actual treatment. Follow each one of the steps. The doctor will check everything 
before the treatment begins. Watch me as I begin. 


1. Check to see if you have the proper treatment devices on the tube. 
The doctor and I have done this already. 


2. Position the patient. This has been accomplished. 
3. Position the tube head. This is done. 


4, Insert the desired filter into the tube slot. Looking at the filters again 
you will notice that there are different notches cut into the right side. 
Be sure that they are on the right side when you insert them in the filter 
slot. The notches also provide a code for the filter indicator light on 
your control panel. 


5. Be sure that no one is in the treatment room but the patient. 
6. Close your treatment room door. Check your panel light. It will be on. 


7. Set the control panel timer to the proper time and turn the timer switch 
to ON. We are going to use 6 minutes and 3 seconds. 
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8. Turn your filter indicator knob until it lights up. Read the filter indi- 
cator to check, again, if you have the proper filter. 


9 


Set the milliampere switch to the proper position. You will remember 
that we left the unit setting on 30 MA after the warm-up. 


10. Prepare the Integron IV, if your doctor uses it. He will explain. 
11. Press the X-ray ON push-button. 
12.. Raise the KV to the setting you want; we will use 250 KVP. 


13. Check the patient's position through the window in the wall and call the 
doctor. He will check over the settings for accuracy. 


14. Push the SHUTTER OPEN button. The treatment is in progress. 


15. Watch the patient during the treatment. He must not move. If he does, 
stop the unit. 


16. When the unit clicks off, leave it energized for the next treatment. 


"That's all there is to it," Blank says. '' While the doctor is positioning the pa- 
tient for the next field, we will return to our SF 524, Roentgen Therapy form and 
complete it up to this point." 


COMPLETING THE SF 524, ROENTGEN THERAPY 


''We have left some information off the ‘Physical Factors’ section. You know 
now that we areusing a 250 KVP Maxitron unit, 33.3 roentgensin air per minute and, 
from the Thoraeus II filter I showed you, that the filter had .4 mm Sn (Tin), .25 mm 
Cu (Copper) and 1mm Al (Aluminum), This information will help us complete the 
physical and time factors on our form. The HVL (half-value layer) is found in the 
calibration book, provided by the physicist at the time the unit was first installed 


and calibrated. Looking at the bookyou will find that the half-value layer of the Tho- 
raeus II filter at 250 KVP is 2.6." 


QUALITY OF RADIATION 
Visual Localizer 


Maxwell AFB 

Montgomery, Alabama 
Maxitron 250 

KVP FILTER HALF-VALUE LAYER 
100 None 2.00 mm, Al 
100 0.50 mm. Al 2.52 mm. Al 
140 0.25 mm. Cu 0.52 mm, Cu 
200 0.50 mm. Cu 1.15 mm, Cu 
— 0,50 mm, Cu 1.40 mm. Cu 

50 


Thoraeus II 2.60 mm. Cu 
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"You fill out this form until it is complete," Sgt. Blank tells you. 


You take the form and complete the physical and time factor sections. 


Standard Form 6% 
Revieed October 1063 
Promulgated 
Bureau of the B 
Ctreular 4-32 (Rev.) 


CLINICAL RECORD ROENTGEN THERAPY 
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Figure 11-14 SF 524 (Front) 
"Okay, that's done,"' you say. "What's next?" 


"Turn the form over to the back," the sergeant tells you. "You will see where 
we keep a daily record of the treatment that is given to the patient. You will write 
out these factors each time you give a treatment. This is where you must remain 
alert and be sure that you practice the greatest accuracy possible. Immediately after 
finishing a treatment, record it. There can be no excuse for forgetting. 


''We have treated portnumber 1; todayis July 5th, 1957; the skin area treated 
was the right inguinal area; we used a 6x 10 cm field; our factors were 250 KVP, 
70 cm TSD, Thoraeus II filter, 6 minutes and 3 seconds. This gave us 200 r daily 
for a total of 200 r to that area. When you put this down, you will initial the last col- 
umn. I will take this other form and fill it out with the probable course of this treat- 
ment so youcan see what needs to be done. I want you to notice under the last dosage 
column 'Total r Air Skin' that each port is added consecutively. Look at this sheet 
and study the entries closely. 


''You may have to use the backs of several SF 524's to make acomplete record 
of all of the treatments the patient received. Be sure to write in the identification on 
the bottom of each form and keep the forms attached securely together. Remember 
toreplace all of your forms into the proper case envelope right after you finish making 
the entries." 


‘What about the 'Dose' section on the front?" you ask, 


"That section is filled in when the treatment is ended. The doctor may use it 
and he may just enter that information on the SF 525, Roentgen Therapy Summary. 
Also when there are a number of ports being used, as in this case, there may not be 
enough space to give the entire treatment. The heading 'Angle' under the Exposure 
Factors section will show any angles necessary, such as 7 degrees caudad, etc. All 
of the information that the doctor feels is necessary will be included on one of the 
forms. 
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**The orders were to alternate between anterior and posterior fields so on the 
6th of July you would treat the posterior ports." 
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Figure 11-15 SF 524 (Back) 


"While we are pretending, let's go ahead and imagine that we have completed 
the treatment on this patient. By doing this, I can show you how the SF 525, Roent- 
gen Therapy Summary, is completed." 


ROENTGEN THERAPY SUMMARY, SF 525 


"The ward physician fills out the first part of the sheet, but sometimes you will 
do this from information you have available on the patient. You will make two copies 
of this form. The pre-therapy diagnosis is entered, the sex, age and date are placed 
in the spaces provided for them. A brief clinical history is inserted in the proper 
Space and the doctor will sign it. The section that is marked 'Description of Treat- 
Mment' is filled out by the radiologist. The exposure factors and dose information is 
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entered. This information can be found from the SF 524, Roentgen Therapy form. 

You need the dates of the treatment, number of treatments and the number of days 

the treatments were givenin. If the dose was to one particular area, the daily dose 
is entered. In the 'Summary of Treatment' section, the more detailed information is 

entered. At the bottom, of course, is the identifying information. Study this form 

carefully and you can see that itis not difficult to complete. The doctor will need 
information from your SF 524. With this and his progress notes he will dictate the 
results, reactions or complications that were observed about the treatment. You will 
keep one copy in your file and the other will be sent to the physician who sent the pa- 
tient to the clinic. This copy is made a part of the patient's clinical record. See SF 
525, Roentgen Therapy Summary, page 11-35. 


"The doctor may want towrite a narrative summary to supplement the roentgen 
therapy summary. These forms are kept in the Registrar's Office. The form is 
SF 502, Narrative Summary. If there is more information to be written than will go 
on one form, the rest is placed on additional copies of this form. Each form must 
be signed and dated and the identification information of the patient placed on it. Two 
copies are made, one to be included in your file and the other for the attending physi- 
cian for inclusion as part of the patient's clinical record. See SF 502, Narrative Sum- 
mary, page 11-36. | 


"TI guess that will about complete your learning for today." 


''Yes, I have sure found out that there are a number of things that a person has 
to know about therapy,'' you say. "Let's see, there was the greeting of the patient, 
checking the appointment schedule and seeing that he had two copies of an SF 513, 
Consultation Sheet. These were given to the doctor to put his course of treatment on 
them and one copy we keep here; the other goes back to the requesting physician. I 
found out that a typical therapy section has a deep therapy unit, superficial therapy 
unit, a doctor's office and a reception section. When a new patient comes for treat- 
ment, the ledger is filled out with a case number assigned to the patient and other 
identification information is taken. Three 3 x 5 index cards are made; one for the 
files and the other two for the pathology cross-index file. I learned how the various 
forms are filed under their form numbers and what eachof these forms were. I see 
that the technician assists the doctor in marking out the various treatment fields or 
ports. I know how to fill out the Urinalysis, Blood Chemistry, Hemotology, and 
Laboratory Reports forms. I know that wemust weigh the patient and take a PA and 
a lateral chest on the patient. I know about the SF 509, Doctor Progress Notes and 
the Radiographic Reports form. 


"I know about treatment instructions and what is meant by KVP, filters, TSD, 
and alternate ports daily. I realize the importance of keeping the SF 524 accurate and 
understand how this form is filled out. I am aware of what kind of machine is used 
for deep therapy, the 250 GE Maxitron. The control panel is familiar to me now and 
I can warm-up the unit the first thing in the morning by using the warm-upcheck list. 
I can operate the unit for treatment by using the check list. The table operation is 
clear tome. I no longer need wonder how tomove the tube unit around because I now 
know how easy it is with the portable control station. I am familiar now with the 
visual localizer diaphragm, the distance calculator, how to make masks and what 
they are used for, and what difference there is in therapy filters, how toidentify them 
and where they go in the unit. I am also familiar with what filters do, how they ab- 
sorb some of the long wavelengths, how they can produce their own critical wave- 
lengths after reaching certain KVP's, the meaning of HVL (half-value layer) and why 
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we have combinations of metals. I see the difference between MAS and 'roentgens 
per minute' and know how to find the treatment dosage from the calibration chart near 
the unit. I know that various types of treatment cones are used in therapy too. I have 
a better idea of why the doctor uses the AP and PA position in therapy. I can remem- 
ber that the position is checked by taking a radiographic film of the port for accuracy. 
At the endof treatment a SF 525, Roentgen Therapy Summary sheet is made, and the 
information is taken from the detailed treatment provided by the SF 524, Roentgen 
Therapy form. I also know that the doctor may want to make a treatment summary 
in narrative form and that this form, SF 502, Narrative Summary, is obtained from 
the Registrar's Office. 


"You've done well to learn this as you have," says Blank. 'We will take up the 
calibration of the X-ray units and how we use the Victoreen 'r' meter in doing this 
calibration tomorrow," 


CALIBRATION OF THE THERAPY MACHINE 


The next morning you return to the therapy section. Sgt. Blank greets you and 
tells you that he will show you how to calibrate the machine. You and the sergeant 
wait for the doctor to arrive. While you wait, Blank begins to show you what is nec- 
essary to get the machine calibrated. 


"Calibration,'' he begins, "is the process where we checkthe amount of roentgens 
that are being produced from the tube. We need to know how many roentgens are 
passing through each type of filter and we need to know what the concentration of these 
roentgens are at each distance we use in therapy. We need to calibrate the machine 
at various intervals because as you use the machine its output will vary. When the 
machine was first installed, the company physicist calibrated the machine. We must 
make spot checks periodically to see what change has been made in the output. This 
is usually done at least once each month. Technically the doctor is responsible for 
the accurate calibration of the unit and that is why we are waiting for him. We will 
assist him in the calibration of the unit. 


"Before you start to calibrate the machine you must remember that the roent- 
gen is the amount of ions produced in 1 cc of air at 0° Centigrade. The temperature 
and pressure of the air at any particular moment, here in the clinic, is not the ideal 
laboratory condition at which you must figure. You must compensate for this by con- 
verting the present atmospheric conditions to the standard temperature and pressure. 
Each "r" meter that is used in a department is furnished with an 'Air Density Cor- 
rection Table’. You will take the temperature of the room. To find the barometric 
pressure, you may call your local or base weather station. Take the two figures and 
find them on the table provided with the meter. The figures that they intersect will 
represent the converted temperature and pressure and show you the amount of roent- 
gens you are producing. Remember that there is only acertain number of air mole- 
cules in 1 cc at 0° Centigrade and 760 mm of mercury pressure. If the pressure is 
increased, the air will be denser," 


"I would certainly never have thought of that," you say. 


"No, you wouldn't if you have never calibrated a therapy machine,'' Sgt. Blank 
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of the electrometer and then look through the periscope or eye piece on top of the 
instrument. You will see a scale with three types of reading for the 25 r, 100 r, and 
250 r chambers. Discharge the unit. You do this by turning the little knob on the 
upper left hand side backto you. This button turns onthe light. Still pressing the 
light button turn the large knob on the upper right hand side until the hair line on the 
scale is set to zero. Charge the chamber by pushing IN the little knob on the upper 
right side and turning it clockwise. When the unit is charged replace the sleeve 
cover. 


"Once the unit is charged, we will take the chamber into the therapy room. The 
chamber is suspended within the center of a 10 x 10 centimeter field. You can make 
this field by measuring it off on a piece of film box cardboard. Placing this card- 
board under the tube, turn on the visual localizer and adjust the shutters so that the 
light covers the area outlined on the cardboard. Place your chamber so the red tip 
is in the center of this field. Do not let your chamber tip touch any subject. Also 
make sure that the thimble chamber is at least 36 inches aboye the floor so that you 
receive no backscatter into the chamber. Place the distance calculator that you are 
going to use into the visual localizer and bring the tube down to the thimble chamber 
until the tip of the calculator is on the same level with the chamber. You are now 
ready to turn on the machine for a reading. 


"You make three exposures with each distance, KVP, MA, filter. Each ex- 
posure will be for a period of one minute because you want to know the 'roentgens per 
minute', It is better to expose for one minute than exposing for fractions of a min- 
ute and then multiplying. However, if you are calibrating the tube without a filter, 
you should not make the exposure more than 15 seconds because the chamber will go 
beyond its capacity to read the roentgens produced, In other words, you will produce 
more roentgens than the chamber can read, so the exposure would not be of any value. 
Using 15 seconds you can multiply by four and find out how many roentgens are pro- 
duced in one minute without a filter. The three exposures you make are used to find 
the average exposure produced by the tube. You will record the amount produced for 
each exposure, add them together and then divide by three to find the average. This 
average is the figure you will use as the output for your machine. 


"Okay, we have our chamber set, so we will make our minute exposureand then 
I will show you how we read that exposure on the meter." 


The machine is set and the filter placed in the machine, The exposure is made 
and Sgt. Blank gets the chamber from the therapy room and brings it back to the elec- 
trometer. | 


"Now, I'll remove the protective sleeve and place the chamber back into the 
front of the electrometer. Pushing the light button on the lower left hand side, I will 
look through the eye piece and read the scale marked 100 r because I have used the 
100 r chamber. The reading is recorded‘and I discharge the unit by turning the little © 
knob on the upper left hand side back toward me. I will reset the hair line, with the 
big knob on the upper right hand side, to zero. The unit will be recharged by pushing 
in the little knob on the upper right hand side and turning it clockwise. The thimble 
is removed from the electrometer, the sleeve cover is replaced and we are ready for 
another reading. Remember that we must have three readings for each setting and 
filter." 


11-30 


CALIBRATION LEDGER 
"That isn't as hard as I thought it would be," you tell Blank. 


"It isn't very difficult once you have done it,"' he replies. "But, now, you mast 
see that each of these readings are recorded. You have to check each filter at each 
KVP, MA and distance. You will need a ledger to record this. You should havea 
section in the ledger for each machine that youcalibrate. If you have a deep therapy 
unit and a superficial therapy unit, you will need to calibrate each one separately. 
The ledger should have spaces for KVP, MA, Filter, Distance, roentgens per min- 
ute (average of the three exposures), Barometric Pressure, Temperature, Date of 
Calibration and Remarks. Look at this for an example. 


KVP MA Filter Distance 'R' per min Pressure Temp Date 
200 30 1 AL 50 Cm. 33.8 29.89 72 6/5/57 


"Remember, each time you change some factor - KVP, MA, filter or distance- 
you will have to calibrate it with all the other factors. As youcan see, this will take 
time, You will generally calibrate your unit on week-ends and it will take two normal 
eight-hour days to do this, depending upon the number of machines you have and. the 
number of filters that you have, 


"Calibration is also made for various types of special ports that may be used 
for breast cancer, etc. The fields are mapped out and a reading is obtained so that 
you know exactly what exposureis applied in these special fields. These special cali- 
brations will usually be entered in the remarks section of your ledger. There are 
special means of calibrating the exposure when using treatment cones. Your doctor 
will explain these to you. 


"You should now know how to use the Victoreen 'r' Meter, how you use it ia 
setting up your field and how to record your measurementsin the ledger. You should 
also realize that the radiologist is going to be working with you and will supervise 
what you are doing. | 


"Here he comes now. We will begin over again and you can follow us through 
so that you can imbed this information in your mind." 


SUMMARY 


"You are now familiar with the therapy section. You know the records that are 
kept and how they are prepared. You are aware of the type of machine you will usé 
and the principles on which it operates, You know about the localizer, masks, dis- 
tance calculator, and cones. Filters have meaning for you now. Setting up the ma- 
chine and arriving at the proper technique is now familiar. And you know the pro- 
cedure of using the Victoreen 'r' Meter and how to calibrate your machine. 


"You have received only a small portion of the tasks that are done in the therapy 
section. In the seven-level manual, you will learn the rest. You have the basic 
knowledge of the therapy section." 
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CLINICAL RECORD NARRATIVE SUMMARY 


DATE OF ADMISSION DATE OF DISCHARGE NUMBER OF DAYS HOGPITALIZED 


5 Jul 57 Traneferred to Maxwell AFB a1 


(Sign and date at ead of narrative) 


Transfer Summary 


History of Present Iliness: 


Fast History: 
Physical Examination: 


Laboratory Findings: 


Course in Hospital: 
Disposition: 


Diagnosis: 


(Use additional sheets of this form (Standard Form 502) if more space is required) 





SIGNATURE Of PHYSICIAN DATE IOENTIFICATION NO. | ORGANIZATION 
James G. White,CAEFT.USAF (MC 2 Jul AF 11) 705th AB 
PATIENT'S LAST NAME—FIRST NAME-MIDOLE NAME REGISTER NO. WARD NO. 
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NARRATIVE SUMMARY 
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13. 
14. 
15. 
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20. 
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QUESTIONS 


What will be your three primary duties in the therapy section? 

Explain how the pathology file is administered. 

List the forms used in the therapy section. 

Explain how you fill out the SF 524, Roentgen Therapy. 

Explain how you would go about warming-up your machine control panel. 
Explain the operation of the Therapy table. 

What is the visual localizer diaphragm and how is it used? 

What is the distance calculator? Explain its construction and types. 
What is the difference between a therapy filter and a diagnostic filter? 


What do the filters do to the X-ray beam and how do you express the quality of 
the X-ray beam? 


What affects the half-value layer of a beam of X-rays? 


Why is there a combination of metals in some X-ray filters? What metals are 
contained in 'Thoraeus" filters ? 


What are the various types of cones used in the therapy section? 

Explain why patients are generally positioned in the AP or PA position. 
What does "'r/a'' mean? 

What does "rpm" mean? 

What do you use in figuring the amount of X-ray you want for a treatment? 
What does ''qd"' mean? 

How is SF 525, Roentgen Therapy Summary filled out? 

What is SF 502, Narrative Sianaey used for in the therapy section? 


Why is it important to know the temperature and barometric pressure when 
you calibrate a therapy machine? 


What is a ''Air Density Correction Table" used for in therapy? 


What is the Victoreen 'r' Meter. Explain how you operate the Victoreen 'r' 
meter. 
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24. Explain how you set the thimble chamber up in the field during calibration. 
25. What information is entered in a calibration ledger? 
26. Check the immediate area to see if there are any hospital facilities that are 


using therapy. Visit the hospitals and observe the procedures and equipment. 
Make notes of these visits and the things you have seen. 
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the item, its approximate cost, the power required, probably spare parts, kind of 
lubrication and the location of the equipment. 


OPERATION AND INSPECTION 


There are many types of machines and accessories in use throughout the Air 
Force. You may have several different types or just one in your clinic. All equip- 
ment requires periodic inspection, and preventative maintenance checks, You should 
study and become thoroughly familiar with the operation and inspection check lists 
contained in this section. 


MACHINES 


OPERATIONAL CHECKS, Each machine needs to be checked for proper op- 
eration at specific times. The following material shows what to do and when to do it. 


@ Energize the unit and determine when possible, 
if the filaments of valve and X-ray tubes are Daily 
heated, before making exposures. 


@ Determine that the rotating anode revolves and there 
is time delay before the contactor closes. Daily 


@ Protect fluorescent screen from direct radiation 
by placing shield over the screen. Always 


@ Operate the unit on radiography by using the safety- 
timer. Make some exposures using various tech- 
niques. Your MA meter should correspond with 
selected MA at any KVP. Meter readings should 
remain constant during exposure and be consistent 
at repeated exposures using the same techniques. Daily 


@ Check high voltage circuit for insulation breakdown 
and connection failures by operating the unit at max- 
imum KVP and low MA setting. There should be no 
crackling, sputtering or hissing within the X-ray tube 
head, high voltage cables or transformer. Daily 


@ Photofluorographic machine: It should be impossible 
to make an exposure with no card in the photofilm 
identifier, no film in the camera, or with the camera 
locked in position. Attempt exposure to prove this. Daily 


@ Photofluorographic machine: Check photo-timer for 
proper operation. With the film in the camera and 
a card in the photo-film identifier, make several 
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exposures. The camera should advance the film 
one frame at each exposure and lock properly. Daily 


Photofluorographic machine: The tube arm and 

hood assembly should be properly raised and 

lowered throughout the entire range by either 

the motor or the handcrank, Daily 


The kilovolt selector should control the KVP over 
the full range of the voltmeter. Daily 


15 MA Portable: Operate the unit on radiographic 

position at 85 KVP. The MA should he maintained 

at 15 MA to within plus or minus 5%. Meter read- 

ings should remain constant during exposure and 

should be consistent on repeated exposures. Daily 


The fluoroscopic screen should be free of blemishes 
and when exposed to radiation, should be evenly 
illuminated. Always 


The fluoroscopic shutters should operate smoothly 
and permit adjustment of the illuminated field to 
any size within the area of the fluoroscopic screen. Always 


Check the radiographic timer at 1/10 second with 
spin top. The timer should be accurate within 
plus or minus 5%. Monthly 


The center of the illuminated field should coincide 
with that of the fluoroscopic screen. Always 


Turn the technique selector to any radiographic 

position and put the bucky switch into the IN 

position. Press the exposure switch. The 

bucky grid should start reciprocating and the 

timer circuit should be energized, The bucky 

grid should continue to reciprocate until the 

exposure switch is released, Daily 


Check the table tilting mechanism, The table 

should tilt 10 degrees Trendelenburg tothe 

vertical position. It should be impossible to 

tilt the table with the spot film device (GE 100 MA) 

in the parked position. The operation should 

be quiet, smooth, without vibration or jerky 

starts or stops. When the power is released, 

the table should stop smoothly and without 

coasting. Daily 


Turn the selector switch to fluoroscopic position. 
The highest MA you should be able to read is 5 
MA. Daily 
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@ Redline the voltmeter before each exposure and 
at beginning of each day. Always 


@ CAUTION: Do not make an exposure if the X-ray 
tube filament is inoperative. Never 


@ Adjust the MA meter from low value to desired 


value. Always 
@ Make sure that the KVP minor and major selectors 

are on Contact and not between contacts. Always 
@ Allow your unit to warm up properly. Always 


@ Observe all meters during operation for 
indication of malfunctions. Always 


@ Know the capacity of your unit before you 
operate it and remain within the prescribed 
limits as shown by your tube rating chart. Always 


INSPECTIONS. Much of your maintenance trouble can be avoided if you will 
spend a few moments just looking your equipment over. Inspections are necessary 
to keep some small thing from developing into a major and costly repair job. 


WHAT TO LOOK FOR WHEN TO DO IT 


@ Switches, controls, relays and motors should 
function properly. Daily 


@ The timer should be accurate within 5% of any 
setting. Daily 


@ All mountings should be secure and free from 
dust, rust and corrosion. Daily 


@ There should be no evidence of cracks or oil 
leaks in the tube heads or transformers. Daily 


@ All terminals, studs, and connections should 
be secure and free from corrosion. Daily 


@ Cable receptacles and cables should be free 
of cracks and burns. Daily 


@ The insulating oil should be clean with no evi- 
dence of dust, lint or carbonized particles 
floating in it. Daily 


@ The chains or cables connecting the hood of 
a photofluorographic machine, and its tube 
arm, should have no kinks and show no sign 
of excessive wear. Daily 


If you have a transparent radiation port, check 
it to see that there are no air bubbles within the 
tube head, that the tube is not gassy and that the 
target is free from cracks or punctures. 


Check your rotating anode and blower motors to 
see if they run smoothly and without excessive 
vibration. 


Interconnecting line cables and shockproof cables 
should be complete with connectors or lugs and 
of sufficient length to permit required movements 
for which the unit was designed and show no signs 
of excessive wear. 


The table counterbalance mechanism should function 
properly. 


Table top should lock in either the horizontal or 
vertical position. 


Table tops should not be warped or cracked. 


The component parts of the table should not be 
bent or cracked and show no signs of rust or 
corrosion. 


The vertical stereo-shift should be positive in its 
action and should bring the tube to rest without 
excessive vibration. 


Tube carriage and spot film device should be 
properly counterbalanced. 


Bucky carriage should be easily moved and 
should lock automatically upon the release 
of the hand crank or button. 


Spot film cassette carriage should operate 
properly so that all the required positions 
of the cassette can be easily obtained. 


The tube carriage assembly should move easily 
and firmly to positions without straining or 
kinking shockproof cables. 


Check the hydraulic system on the table. The 
fluid should be 1-1/2 to 2 inches from the top 
of the tank. There should be no evidence of 
leaks in the tank, pump, valve, hose or cylin- 
der. 


Do not allow the tube head to be banged against 
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Daily 


Daily 


Daily 


Daily 


Daily 


Daily 


Daily 


Daily 


Daily 


Daily 


Daily 


Daily 
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the wall or spot-film device, Never 


@ Do not go inside the control, tube or transformer 
to attempt to make adjustments, Call on main- 
tenance men. 


@ Lubricate the table motor with medium oil. Monthly 


@ Check the table gears and bearings for lubri- 
cation. Quarterly 


@ Use a slightly oily rag on all rails, slides or 
tracks for cleaning and lubrication. 3 Daily 


@ If the table is hydraulically operated NEVER 
USE CARBON TETRACHLORIDE to clean the 


pump piston shaft. Never 
@ Use graphite to lubricate the pump piston shaft. As needed 
@ Use #18 Stanoil in the hydraulic system. Always 


@ Lightly coat edges of each shutter blade on the 
fluoroscopy carriage with vasoline. Quarterly 


@ Do not pound on the meters and indicators of 
the unit. Never 


@ Do not tamper with the settings of the density 
control on the phototimer of a photofluorographic 
machine. Never 


@ CAUTION: When replacing or repairing parts of 
the unit, always be sure that the MAIN POWER 
SOURCE IS DISCONNECTED. 


ACCESSORY EQUIPMENT 


Although most of the other equipment you need to do your work is comparatively 
less costly than the machines, you should practice care inusing it. Thearticles listed 
below are essential tools in your job and should be kept in good working condition. 


INSPECTION AND HANDLING OF MISCELLANEOUS ITEMS, The items dis- 
cussed below are to be considered in the inspection and handling of accessory equip- 


ment, 


@ Aprons should be checked for cracks or leaks by X-raying suspected spots. 
Aprons should be rolled or hung up So that there are no sharp folds. 


@ Gloves should be placed in such a manner that perspiration will dry out. 
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This can be over a canor mock wooden hand. Check for cracks and leaks 
by X-raying the gloves. 


@ Calipers should never be bent or thrown about. Accuracy can be checked 
by placing rule against a true vertical surface. If bent, straighten caliper 
until it touches surface of vertical board. 


@ Wafer type grids must be handled with care. Do not throw, bend or pack 
between cassettes. Also do not use a large grid on a small cassette if a 
patient must lie on it. The edges will overlap and the grid will either 
crack or warp. 


@ Hangers should be checked so the film is taut and does not bulge. The 
clips should be kept clean. Films should be removed individually. 


@ Equipment should be stored in such a place, and manner as to allow the 
least possible damage. The equipment should be kept clean. 
DOSIMETERS 
The various type dosimeters or ion chambers that are in use for therapy units 
must be handled with extreme care. They are delicate precision instruments and 
cannot stand abuse of any kind. 
@ The unit should not be opened at any time for internal adjustment. When 
unit is not working properly it should be returned to medical supply for 
repair or replacement. 


CASSETTE CHANGERS 


There are different types of electrically controlled cassette changers, but the 
care of all of them is similar. 


OPERATIONAL CHECKS. 
@ Shift cassettes by either the manual or electrical control. The shifting, 
with any two cassettes, should be accomplished in 2 seconds and there 


should be no residual vibration at the end of the shift. 


@ Each cassette should stop in the same position with respect to the ex- 
posure panel for receiving radiation. 


@ The cassette carriage assembly should be easily raised or lowered 
throughout its entire range of travel. 


INSPECTIONS. 


@ Counterweights should be of correct size and securely suspended while 
cables and chains should be free of kinks and excessive wear. 


@ All mountings should be secure. 
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@ Cassette carriages should hold any standard cassette, in both vertical 
and horizontal positions. The cassettes should be firmly held in place 


and yet be removed easily. 


@ Switches, solenoids, motor, brakes, locking devices, and spring bumpers 
should function properly. 


@ Direct radiation should not reach the cassettes when they are not in the 
exposure position. 


@ Do not force the changing mechanism. 
@ Lubricate the bearings and gears. 
@ Lubricate and clean the rails, tracks and slides by using a slightly oily 
rag. 
X-RAY ILLUMINATOR 


The unit should provide sufficient light to properly illuminate radiographs of 
normal density. The following are inspection items. 


@ There should be no cracks or broken parts in the glass. 


@ The switch, lamps, lamp holders, starters and cord with connector plug 
should be secure and in good condition. 


ELECTRIC FLUID MIXER. The following are inspection items. 
@ After using unit and accessories be sure to clean and dry before storing. 


@ The cord should be of sufficient length and complete with plug connector 
in good condition. 


STEREOSCOPE. The following are inspection items. 
@ All moving parts should operate smoothly and firmly. 
@ All mountings should be secure. 
@ There should be no cracked, broken or bent parts. 


@ Cord, switches, lamps, viewing screens, curtains, reflectors, mirror 
assembly, etc. should be in good condition. 


DARKROOM EQUIPMENT 


The darkroom is an area which requires good maintenance and care, Thié 
equipment is more exposed to the dangers of rust and corrosion than other equipmet! 
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in the clinic. The equipment is moderately expensive and can be kept in proper order 
for longer periods if good maintenance is performed daily. 


PROCESSING TANK 


OPERATIONAL CHECKS. The following procedures are followed in operational 


checks. 


Photofluorographic developing tank units should transfer a 100 foot roll 
of 70 mm. film from one reel to the other and then the motor should re- 
verse automatically to drive the film in the opposite direction. This cycle 
should be continued throughout the developing, fixing, and washing se- 
quence, 


For master or refrigerated units turnon the water supply to the unit. The 
water flow should be approximately 1 gallon every 3 minutes. . 


For master and refrigerator units turn the compressor switch to ON po- 
sition. Thecompressor should start operating immediately and smoothly. 


The water temperature in the wash compartment should be reduced to 68 
degrees plus or minus 2 degrees and be maintained at that temperature, 


Timer should be accurate within 2% of any setting. 
Illuminator should provide proper illumination of radiographs. 


All motors, compressors and pumps should operate smoothly. 


INSPECTIONS. Frequent inspections of this equipment are important for proper 
maintenance. 


@ All component parts should be free from rust and corrosion. 


@ Tanks should not leak and plumbing should show no signs of leakage. Call 


AIO on plumbing and any valve that may show signs of leaking. 


Cables should be of sufficient length, complete with plug connector, 
and in good condition. 


@ All valves and regulators should function properly. 


@ Switches, timer, safelights, illuminator, thermometer, vacuum breakers, 


etc. should operate correctly and be in good condition. 
Keep the fluids at the correct level. 


Never allow debris to collect in the fluids. A fine kitchen strainer can 
be of help in removing debris. 


Clean the filter screens. 
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@ Change the water in the tanks. Clean, scrub, and rinse the tanks 
thoroughly before refilling. 


@ Tighten a leaking packing gland only until the leak stops. 
@ Wipe condensation and drippings from the unit with a slightly oily rag. 


@ Keep the condenser radiator clean, 


COOLING AND DRYING EQUIPMENT 


OPERATIONAL CHECKS. These procedures are followed when inspecting X- 
ray processing coolers and heaters. 


@ Turn the fan motor switch to ON. Fan motor should run smoothly and 
without excessive vibration. 


@ Turn the heater switch to ON. Heating elements should become warm 
immediately. 


@ Turn fan motor switch to OFF. Fan motor should stop and the heating 
elements should be de-energized eventhoughthe heater switchis still ON. 


@ The dryer, if operating correctly, should dry films in 45 minutes. 
INSPECTIONS. 

@ All mountings should be secure. 
Film drying drawers should move freely. 
Drip pans, drawers and hanger racks should be free of dust and corrosion. 
Line cord, connector and all wiring should be secure and in good condition. 


Unexposed film compartment should be light tight. 


Switches, heating elements, fuse block, door, drawers and linoleum table 
top should be in good condition. 


You have now become familiar with the various things that you can check each 
day. The operational checks and the inspections are a continuing job for you. When 
you find areas which require attention, make immediate note of such areas and get 
them fixed, replaced or adjusted as soon as possible. You may find instances where 
your supply or repairman will take more than the usual time to attend to your mainte- 
nance problems. Keep a check on the time between the time of request and comple- 
tion of repairs. Follow up your request until the work is accomplished. If there are 
instances which call for seeing your medical supply officer or your radiologist to 
get matters attended to - doit! You have no excuse for letting equipment become 
dangerous, or operating it in conditions which cause it to depreciate long before its 
value has been received. However, allow sufficient leeway for genuine supply oF 
maintenance difficulties. 
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MAINTENANCE AND INSPECTION CONTRACTS 


Many clinics do not have a regularly assigned medical maintenance repairman. 
T o provide proper maintenance for the equipment, a contract is made with commercial 
firms that manufacture the equipment. These contracts will state the type of inspec- 
tion and maintenance that is to be done, «when this work will be performed, and the 
cost. Thecost will bea part of your budgeting if you need contract maintenance. You 
will go to your medical supply and arrange these maintenance contracts. They will 
do all of the necessary paper work. You will be required to provide a certificate 
each time acommercial maintenance manworks on equipment. This certificate will 
certify that the actual maintenance was performedand identify the equipment on which 
the maintenance was done. AFR 70-16 and its changes provide the authorization for 
this type of contract. Paragraph l4e of this regulation requires that you return any 
X-ray tubes that have been damaged to the medical supply so thata trade-in value can 
be obtained. | 


TROUBLE ANALYSIS 


Even with continual operational checks and inspections you will find that some 
of your equipment will require repair or replacement, Although you are not a quali- 
fied specialist in the maintenance of your equipment, you should be familiar with some 
of the troubles that you may encounter, To be able to inform your maintenance man 
how a machine is acting will help him to determine the reasons for the failure. 


Here, again, this manual cannot be too specific. It will give general informa- 
tion on a few of the more common troubles with all machines. The exact cause of 
malfunctions in your particular machine will be peculiar to its construction and de- 
sign. The main thingto keep inmind is to be certain to have your unit checked when- 
ever you encounter trouble. Do not attempt to adjust or repair it yourself except 
possibly to change a fuse or a lamp. Even this could be detrimental as there may be 
a deeper cause hidden behind a blown fuse. 


You will be given a few of the various parts that you will notice malfunctions on, 
a brief analysis of the trouble and the possible cause of the trouble. 


OVERALL UNIT FAILURE 


When the unit does not operate at all, or the KVP and filament meter on field 
machines do not indicate, you have open, loose or shorted connections. This isa 
very common malfunction and it is solved in many instances by checking the main 
switch box, by turning on the machine at its own switch,by resetting the circuit break- 
er or thermosafety plug, or checking fuses. Youmay also be in between the contacts 
on the KVP selector so you can turn your KVP knob and see if that is a cause. You 
can usually feel the contacts when they are moved into place. If none of this helps, 
you may check the fuses in the building that supply your machine. Do these things 
first before you call your maintenance man. It may save you some embarrassment 
and, if you are on contract maintenance, a great deal of expense. If the cause can- 
not be found by doing these things then call your maintenance man to checkyour unit. 
You may have corroded or defective contactors, He-will beable to find loose or more 
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serious types of shorts in your circuits. 


CONTACTORS FAIL TO CLOSE 


If you do not hear your machine click when you make an exposure, even when 
everything is on and working properly, your contactors have not closed. The con- 
tactors are the devices which complete your circuits. A number of things could be 
wrong and you should check each of them. 


@ Hand timers: Your plug may be loose from the connection. 
@ Other timers: You may have failed to set them. 


@ Radiographic-Fluoroscopic switch: Be sure that you have them set for 
the procedure you are doing. 


@ Circuit breakers: These may be checked and reset. 


@ Hand-Foot timers: Check to see that you have the proper timer in the 
circuit. 


Other causes may be the failure of relay contacts or the main contactor in your 
machine. These will require the attention of your maintenance man, 


MILLIAMETER 


Milliameters sometimes fail to register, show excessive MA, or fluctuate. 
Just because the meter does not show that X-rays are being produced, don't assume 
that they aren't. You cancheck whether the tube is producing or not by placing it over 
the fluoroscopic screen. If they are being produced, you have a short in the meter 
and the current is by passing it. The milliameter may be defectiveand need replacing, 
or various rectifiers, contactors or cable wires may be defective. 


Excessive MA may be produced when the X-ray tube is gassy. Also the fila- 
ment rheostat may need adjustment or replacement. Excessive MA in both tubes of 
a double tube unit may be caused by a defective voltage regulator. 


Low MAmay be the fault of a defective voltage regulator. It may also be caused 
by a filament in a Kenetron tube being burned out, making the unit operate on half- 
wave rectification when it should be working on full-wave. There may also be poor 
connections in the filament circuit. Poor connections may be in the control panel; 
control to transformer cable, or in the transformer itself, 


Inconsistent or fluctuating MA can be caused by a gassy X-ray tube. Therecaa 
also be insulation failures in the cables, the transformer oil or gas. Insulation fail- 
ures may be discovered by appearance of arcing, or cracking sound. Whenever you 
see or hear this, do not get within 12 feet of the cable. Insulation failure can be sus- 
pected if you hear a cracking sound from your transformer, see smoke seeping, °F 
detect any odor of carbonization. 
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VOLTMETER 


The voltmeter sometimes will not register. This may be caused by a defective 
voltmeter, burned fuse or contacts improperly placed. There may be poor contact 
or the main line cable may be broken, or some internal contactors may not be closed. 


CIRCUIT BREAKERS 


When your circuit breaker keeps popping out, you may have a number of causes 
for it. The transformer gas or oil may be contaminated. A cracking noise will give 
you a clue to this. The X-ray tube may be gassy or have a leak. If your tube has a 
cracking or buzzing sound, you may have an internal short to ground from your tube. 
Your high voltage cable may be defective. A Kenetron tube may be gassy or the pri- 
mary circuit to the high tension transformer may be grounded. 


X-RAY TUBES 


X-ray tubes should be operated within the ratings given in the tube rating charts. 
When this is done your tube will have longer lifeand give you less trouble. An X-ray 
tube that is heard to crack has something definitely wrong with it. The tube may be 
gassy. The insulation oil may have a low insulating strength as the tube grows older 
through use, There may even be insufficient oil in the tube housing. The tube may 
leak and have air or there could be foreign particles in the tube. 


A tube filament can cause anopen circuit, The filament may be burned out be- 
cause of normal use. There may be loose connections in the tube casing or there 
might be some foreign particles in the tube which is shorting the filament. 


A rotating anode may not rotate in a tube. This may be caused by broken leads 


to the stator cable, poor contact at terminals, or particles inside the tube which block 
its rotation. 


TABLES 


Thereare times when a table won'ttilt or move when you want it to. Generally, 
this can be solved by checking the operating procedure necessary to get it to move. 
Your spot film device may not be extended out (100 MA, General Electric). The con- 
nections to your table may be loose or faulty. The control stand may have a burned 
out fuse in it. The microswitches on the foot pedals could be defective. Or your mo- 
tor to the table could be burned out. Also the fluid in your hydraulic tank may be low. 
This should be filled to about 1-1/2 to 2 inches from the top with #18 Stanoil. 


The screen carriage may be hard to move about. Be sure that your table locks 
are loosened. Donot tightenthe locks too tight or turn them until they come out. The 
same care should be taken with the tube carriage locks. If the fluoroscopic carriage 
floats up and down when the table is vertical, your counterweights behind the table top 
should be adjusted with the proper weights. 


If the bucky grid doesn't work properly, the cable should be checked to see that 
it is connected. Check your control panel to see if the switch is in the proper place. 
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If none of these are the cause you may havea defective microswitch in the mechanism, 


BEHIND AND AHEAD 


You have some knowledge now of what it takes to maintain your equipment and 
a few of the more commonmalfunctions that you may meet. The care which you pro- 
vide your equipment will determine the efficiency you can have in your department. 
A patient isn't worried about the inability of your equipment to operate, or if it operates 
badly. He is only interested in his broken leg. Maintain your equipment and repair 
it as quickly as malfunctions are noted and you will find no need for excuses or fail- 
ures. 


Ahead of you is a chapter on the administration you will find in the X-ray clinic. 
You will learn about forms, reports, correspondence and files, Because administra- 
tion is an everyday job you should be thoroughly familiar with as many aspects of it 
as you can, 


MACHINES 
Stock Number and | Approx Probable | 
Nomenclature Cost Spare Parts Lubricant | Location 
6525-612-0890 200 MA Rotating Ano- | Med. Oil 
X-ray Apparatus $7316 200 V de Tube, Fu- | Vasoline | Flt. Surgeon 
Photofluorographic 60 cyc AC |ses, Lamps, 
ables 

6525-612-4720 100 MA 
X-ray Apparatus, $7026 110-220 V 
Radiographic and 60 cyc AC " " X-ray Clinic 
Fluoroscopic, Med. 
6525 -612-4853 200 MA 
X-ray Apparatus, $7038 220 V un " u 
Radiographic and 60 cyc AC 
Fluoroscopic, Lge. 
6525-612-4881 300 MA 
X-ray Apparatus, $12155 220 V e ™ u 
Radiographic and 60 cyc AC 
Medical 
6525-612-5200 110 V Fuses, 
X-ray Apparatus, $2271 60 cyc AC |Lamps, Hand 
Radiographic, Med. 15 MA Timer, Timer ie 


Mobile Portable Cord 
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MACHINES (Con't) 


Stock Number and Approx Probable 
Nomenclature Cost Spare Parts | Lubricant | Location 


65 26-612-5325 110 V uses, Med. Oil X-ray Clini 

X-ray Apparatus, $ 663 60 cyc amps, Hand | Vasoline 

Radiographic, AC 30 MA /Timer, Timer 

Medical, Mobile, ord 

Portable 

65 25-616-7800 220 V uses, 

X-ray Apparatus, $3966 60 cyc AC |Lamps " " 
herapeutic 140 KVP 

6525-616-7810 220 V 
-ray Apparatus, $11276 60 cyc AC " " 
herapeutic 250 KVP 


ACCESSORY EQUIPMENT 


B415-600-2000 

Apron, X-ray, $ 12 X-ray Clinic 
Protective, 

Lead Impregnated 


6525 -600-7900 
Caliper, X-ray 
Technique 


FA 
tw 


8415-603-0010 

Gloves, X-ray 

Protective, $ 15 : 
Lead Impreg- 

nated 


6525-603-1300 

Grid, X-ray $ 223 
Apparatus 

Straight Wafer 

Type, 14" x 17" 


6525-603-1500 

Grid, X-ray $ 97 
Apparatus, Curved 

Wafer Type 14" x 17" 


6525-603-1750 
Hanger, X-ray 
Film Processing, (con't next |page) 
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ACCESSORY EQUIPMENT (Con't) 


Stock Number and Approx Probable 
Nomenclature Cost Power Spare Parts | Lubricant | Location 


Assorted sizes, 
Y' x 10" to $ 10 
4" x 17" 


5525 -605-0000 

ocator, Radio- 
yraphic Ocular, 
foreign Body 
Sweet's 


$ 152 


6665-612-6500 
Radiac Set, Re 
Meter, Dosimeter 


$ 362 


6525-610-1700 
Cassette Changer $ 760 
6525-604-0000 

Tluminator, $ 13 
X-ray 


7320-610-9800 
Mixer, Fluid, $ 25 
Electric 


6525-613-6000 
Stereoscope, 
X-ray film, 
Mounted 
Fluorescent 


$ 438 


110 V 
60 cyc AC 


110 Vv Lamps, 
60 cyc AC| Frosted 
Glass 


110 V 
60 cyc AC 


110 Vv 
60 cyc AC 


Lamps 


DARKROOM EQUIPMENT 


6525-616-7300 
Processing Unit, 
X-ray Film, 

3 Tanks 


$ 780 


6525 -616-7678 
Tank, Master, 
X-ray Film 
Processing, 

3 Tanks 


$ 240 


6525-604-2110 


110 V 
60 cyc AC 


page) 


(con't ne 


Med. Oil 


X-ray Clinic 
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DARKROOM EQUIPMENT (Con't) 


Stock Number and Approx Probable 
Nomenclature Cost Spare Parts | Lubricant | Location 


ank, Insert, 
20 Gal. 


6525 -612-4400 
Processing Machine 
Photographic Film 


6525 -629-0000 X-ray Sec. 
ooler and heater, Gf Field Unit 

X-ray Film Pro- 
essing Apparatus 


67 40-601-4390 : 

Dryer, Photo- Lamps 
graphic Film 

65525 -601-4280 Vents 
Dryer and Bin, Right or 
X-ray Film Left 
65525 -601-4500 

Dryer, X-ray None 


ilm 
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we are criticized we instantly feel the necessity to defend our actions. If your NCOIC 
or your radiologist told you that youare not studying this manual correctly you might 
experience immediate anger. Your next reaction might be to ask why you weren't 
studying right. What does this have to do with ethics? 


Because you are in a profession dealing with sick people, you must fully and 
COMPLETELY understand that these people are not always at their best mentally. 
They are nervous, frightened and physically below par. They become easily irritated, 
demanding and sarcastic. Each individual wants immediate attention to his particular 
problem. What may seem to appear minor or petty to you may loom as a great pro- 
blem to your patient. Each of us has this emotional characteristic of bristling with 
righteous anger when someone reprimands us without justification. Your patients may 
belittle your earnest efforts and be unappreciative of your attention to their welfare, 
so you must learn to CONTROL YOUR OWN EMOTIONS. You will meet all matters 
calmly, sympathetically and with utmost patience. It will take time and effort on your 
part to learn how to do this in all cases, You will be learning to handle people...... 
a task which is a constant challenge. Yours will be a more perplexing problem be- 
cause your people will be ill and frightened. 


You must develop a considerate attitude whether you are working with a tragi- 
cally broken crash victim, a suffering cancer patient, or the fellow who must have a 
chest film for a flying physical. Your attitude, whether you know it or not, is read 
by your patient. 


It is frequently difficult to determine the thin line which separates what to do 
in one case over what you did in another. You may easily find the right answer or 
you may slip, but with practice and training you can meet most situations sensibly. 
We can give you printed ethics but the real ethical touch will be developed only with 
practice, 


THE PATIENT AND YOU 


You should be friendly and courteous. This will help you to gain the patient's 
confidence, Learn your patient's name. Show an interest in his illness. He will 
want to talk about his condition so don't appear bored. Your patient will want to re- 
late his experiences to you and if you show disbelief, you will lose his confidence. 
Many patients will try to pumpyou for information. Do not give any information with- 
out permission of the doctor. You are not to diagnose or relate your opinion as to 
the accuracy of a diagnosis. You must appear calm at all times. A patient seeing an 
obviously nervous and insecure technician working on him will have doubts about the 
care he is receiving. You should keep to yourself every confidence that your patient 
cares to relate to you. You will not discuss subjects which obviously irritate your 
patient. Try to keep the patient's mind on pleasant subjects. You will practice pro- 
fessional blindness in the matter of sex. You will remember that this was discussed 
in detail in Chapter 7. This is important in both the legal and moral sense. A dis- 
turbed or embarrassed patient can be an uncooperative patient. You will never re- 
veal disgust, distaste, surprise or horror at your patient's appearance or condition. 
You must control any anger or impatience that youmay feel and not let it show in your 
face or manner. If your patient leaves you feeling better, you have practiced good 
ethics. 
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DOCTORS AND YOU 


You will be working under the direction of a physician or a nurse in many sit- 
uations. What type of relation must you establish with these people to help your pa- 
tient recover? As you know, the doctor is the man with the knowledge and ability. 
You must first realize that he hasmore knowledge than you do. You must accept this 
as a fact. You will not question, relate your opinion, or advise your doctor on what 
he should do about a diagnosis or treatment. 


You will PERFORM EXACTLY what the doctor orders. When this is not pos- 
sible, and there might be instances, you will inform him immediately and state the 
reasons. He may be able to suggest ways of following his request or devise a new 
means for accomplishing what he needs. You will, however, make every effort pos- 
sible to do what he asks of you. You must be completely honest and inform your doc- 
tor when mistakes occur. You must clearly understand the directions he gives; ask 
him about any point that is confusing to you. Don't let gruffness scare you. Most 
physicians have much on their minds and they may appear detached at times. 


You will treat the doctor with respect at all times. In the presence of patients 
you will remain in the background and assist him quietly. Attempt to learn your doc- 
tor's methods and techniques so that you cananticipate his needs. Youwill never dis- 
cuss the doctor in a negative manner. 


OTHER TECHNICIANS AND YOU 


It is difficult to maintain the correct ethical relationship with other technicians. 
With the patient and the doctor you have a rather impersonal relationship, but with 
other technicians you are on a basis of close working relationship. Just what ethical 
relationship must exist between you and other technicians? 


Probably the most important thing is to do your SHARE of the work. Although 
some technicians are more experienced, you should perform anything assigned to you. 
If there are periods when your helpcould be used by others, it should be given, Each 
technician should see that no patient is kept waiting when he can perform the exami- 
nation requested. The technician should never argue over methods or results of an 
examination in the presence of a patient. There should be no appearance of friction 
or animosity in a clinic when patients are present. 


You should do each task assigned to you completely and as well as you can. 
Tasks that have been left undone or done poorly will cause another technician added 
work that is not necessary. It will slow the work in your clinic, create confusion and 
friction and lower the morale of your clinic. Low morale influences the treatment 
that a patient receives. 


When differences of opinion are made known, a mature approach should be used 
in solving these differences. Discuss the problem quietly and attempt to remove e- 
motionalism that may be involved. Once the problem is settled you will accept the 
decision given willingly. It is a small boy indeed who picks up the ball and goes home 
because somebody won't play by the rules. 


_ Be courteous to everyone. Friendliness and enthusiasm generate friendliness 
and enthusiasm in others. Be pleasant even when it is an effort. Cooperate with the 
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others on an unpleasant task, unexpected rushes or workloads. Help others to learn 
new procedures. 


The ethics that are practiced among the technicians themselves will be a pre- 
dominant factor in their relations with their doctors and their patients. 


PROCESSING YOUR PATIENT 


The type of duties you will perform will depend upon the size of your hospital 
and clinic. If your duty is receptionist, your appearance and manner will give the 
patient his first impression of your clinic. After greeting your patient, accept from 
him his request form and record the information you need for your records. He will 
then be scheduled according to the examination he will receive. 


SCHEDULING 


The clinic must have a scheduling system. You must have certain times set 
aside for the various types of patients and examinations. When scheduling you must 
consider how many rooms you have available, how long these rooms will be occupied, 
what equipment will be available in each room, who is experienced in the examination, 
etc. For example, an IVP can take up a room for approximately forty minutes. Ar- 
range your schedule so that three or four people are not scheduled for the same hour 
because one of them may have to wait four hours. A crowded waiting room should 
be avoided if possible. 


For many routine examinations coming from sick call or the flight surgeon's 
office, you will be able to maintain a schedule so that most of the examinations can 
be carried out in one particular room. Some clinics, with sufficient space, machines 
and personnel, will havea separate room for chest work, skull work, long bones, etc. 
This will not mean that each person will have a definite appointment but that these 
routine examinations can be performed within certain hours. 


Scheduling will vary according to the type of clinic you are operating. A small 
clinic can, and often does, work on a first come first served basis. A larger clinic, 
with a number of special procedures to be done, will need a regulated schedule. 


You will need separate schedules for routine work, special procedures and ther- 
apy treatments. Sometimes these are kept at the main reception desk, but some 
clinics will have each separate section schedule the examinations. Generally, the 
special procedures will be scheduled in the mornings because of food and fluid re- 
strictions, and your therapy procedures in the afternoon. 


You must determine how much time will be required for each examination, 
keeping in mind that a GI series has a repeat film five hours after the examination, 
etc. You will need to remember also the order in which you will schedule several 
examinations on one patient, such as doing the gall bladder examination before a Gl 
series. 


An important thing to remember when scheduling patients with contagious di- 
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sease is to keep them from contact with any other personnel. They are kept in the 
wards until you are definitely ready for them. Theyare brought directly to the clinic, 
examined and returned with as little contact with others as possible. You should 
never have them waiting in the hall or waiting room. 


The variety of circumstances makes it difficult to state a definite procedure, 
It is important that you utilize your personnel, equipment and time as efficiently as 
possible, Serve your patient so pleasantly and quickly that he will feel that he has 
been cared for individually. 


REQUEST FORM 


The patient will give you Standard Form 519-A, 'Radiographic Report." It is 
a duplicate form which contains a carbon insert. This, if signed by a physician or 
in the name of a physician requesting the examination, is the authority to perform the 
procedures requested. This form is both a request for the examination and a report 
form. You will see that it will show the name, rank, serial number, hospital regis- 
ter number for inpatients, age, sex, ward number, patient status (bed, wheelchair, 
ambulatory, etc.), examination requested, doctor requesting examination, date of 
request, a brief clinical history, space for film identification number, date of re- 
port, brief radiographic report, signature of radiologist reporting and the name of 
the installation making the report. 


Spaces which should be checked for specific information are age, ward number 
or requesting agency, and the clinical history. These three areas are where the 
most errorsoccur., The age helps in the diagnosis; thename of the requesting agency 
is necessary in returning reports; and the brief clinical history isan aid to diagnosis 
as it gives the radiologist a clue as to what to look for inthe film. Also on some 
physical examinations you will indicate on the form the height and weight of the indi- 
vidual. Some doctors will also include the views that they wish to have taken on the 
form in the "Examination Requested" space. 


Make sure the report is legible and distinct both on the original and the carbon 
copy. If they are not clear, you will have eee in filing your reports and identi- 
fying them properly. 


After you have checked the form and obtained any additional information that 
is necessary, you are ready to place an identification number on the request form 
in the "Film Number" space, 


DAILY LOG BOOK 


The daily log book is used to record the identification number assigned to your 
patient. You will ask him if he has ever been X-rayed in your clinic before. If he 
hasn't you will take the next new number from your log book and assign it to his re- 
quest form. If he has been X-rayed before in your clinic you will look through yaur 
files of index cards or report envelopes and get his old number and place it on the 
request form, 


ONE ID NUMBER, There area number of methods used to assign identification 
numbers. One method is to assign each patient ONLY ONE number per year. No 
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matter how many times a year a patient is examined, all of his films will bear the 
same number. For example, John Doe was X-rayed for the first time on 5 Jan 57. 
He was assigned the number "10" from the log book. After that date, John was X- 
rayed on 2 Mar 57, 31 July 57, and 12 Oct 57. Each time he came in he was given 
the film identification number "10". This number will be on all of his films for the 
year. 


NEW ID NUMBER FOR EVERY EXAMINATION. The other method used in some 
clinics is assigning a new number from the log book EACH TIME the patient is ex- 
amined. Each time he receives a new number all the previous films and reports are 
brought forward and placed with the films and reports of the new number. 


Regardless of the method used, the numbers are recorded in the daily log book. 
This log is usually started at the first of the year with the number 1 and numbered 
consecutively. It will contain information on the film number, the name of the patient, 
his rank, serial number, who ordered the films, the part, the address and phone 
number of the patient's organization or home. Other information can be included 
that is pertinent to individual clinics. 


WHERE DO YOU FIND OLD NUMBERS? Each clinic will maintain some type 
of cross index file. These files may be 3 x 5 index cards with the necessary infor- 
mation noted on them or they may be report holders with the information on the out- 
side of the jacket. These indexes are alphabetically arranged. The name of the pa- 
tient, rank, AFSN, date of examination, part and film number are placed on these 
index cards or report holders. When John comes in again you can look in your file 
and find his name on the index card and his old number and put this on the request 
form as his identification number, 


Chapter 8, Section III, AFM 160-20, is a guide for setting up these various num- 
bering systems. The size of your clinic and its workload will determine the most 
feasible method to use. 


Once the number is assigned, the request form is given to the technician who 
will do the examination. He will place that number on all of the films that he takes of 
that patient. In some clinics he will write on the back of the request the sizes of films 
he used and the number of each size he used. By doing this he will show how many 
films belong to each examination. If he takes three 10 x 12's and only finds two when 
he is ready to match request and films, then he knows there is one film missing and 
will look for it. 


WHERE DOES THE REQUEST GO AFTER THE EXAMINATION ? 


When the examination has been completed the technician will match the pro- 
cessed films to the requests. 


Each film is placed in a negative preserver. These preservers are paper en- 
velopes measuring 14-1/2 x 17-1/2 inches, There is a small size that is used for 
smaller photofluorographic films. 


A film preserver is made up from the request for patients who have never been 
X-rayed in your department before. From the request you will put the film number, 
the name, rank, AFSN, date of examination, part examined and the number of films 
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on the preserver. You may also put such informationas the positions used or whether 
there are stereo films, etc. , as shown below. 


Name: JOHN DOES 
Rank: A/1C AF 12272150 
Film: 10 


5 Jan 57 - Chest - 3 - Stereo PAand Lat - Discharge and re-enlistment 


The SF 519-A is attached to this envelope with a paper clip until the films are 
processed. When the films are ready they are matched to the proper request and 
preserver and sent to the radiologist to be read. If the patient has been previously 
X-rayed in the clinic his old film file and preserver are taken from the files and the 
request is attached to it. When the films of the new examinations are processed, all 
are sent to the radiologist. The old films are needed in some instances to show pro- 
gress of a disease or healing process, 


After the films are read by the radiologist the report is typed on the SF 519-A, 
The radiologist either signs or initials the report and it comes back to you at the re- 
ception desk. The filmsare placed in the preservers and set aside for the files. The 
report is then separated. The original or top copy is sent to the ward or doctor who 
requested the examination. This copy is placed on the patient's SF 519, Clinical Re- 
cord, Radiographic Reports, or, in the case of a flight surgeon's office, it may be 
attached to their worksheets. You will keep the duplicate or carbon copy for your 
files. 


INDEX CARD FILES 


Some departments will make an index card from the request form. This index 
card file will be used to obtain old numbers in cases where more than one examination 
is madein the year. The index file is kept alphabetically. It may be divided intoany 
number of separate files such as officers, airmen, dependents, civilian workers, etc. 
It could include, on the card, the reason for the examination such as application for 
OCS, annual physicals, discharge and re-enlistment films or food handlers. This 
will help in disposing of films which will be explained later on. 


FILING RADIOGRAPHIC FILMS AND REPORTS 


Radiographic reports are filed in a number of different ways. The duplicate is 
placed in a prepared manila folder and fastened with a standard metal holder. This 
holder is then inserted in the film preserver so film and reports are together. This 
method, however, is time-consuming. It also can be expensive when thousands of 
patients are taken each year. 


Many clinics combine the task of filing reports and making index card files by 
using the small photofluorographic film preservers. Information used for the card 
index is typed on the outside of the preserver and the reports for that patient are in- 
serted in the preserver. Whenthe old patient comes to the clinic for re-examination 
the entire record is pulled from the files and is attached to the request. When the 
films are matched the doctor will have the complete record. 
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Other clinics maintain just a plain alphabetical file of report forms. It is not 
a good practice to place your reports in the film preservers loosely. They canbe 
torn or lost if they are handled often. 


Film files are kept numerically. These files should be kept as neatly as pos- 
sible. They should not be packed so tightly together that you have difficulty in re- 
moving film preservers when you need them. You should also watch the condition of 
the film preservers for wear andtear. Some patients may have a great many films 
filed in one preserver. These films may be used a great deal. When the preserver 
becomes worn it should be replaced to insure that no films are lost. 


Films are filed in metal drawer cabinets and in exposed metal bins. You will 
see many improvised film containers, The best typeof file is the open bin type. You 
can easily see the films you are trying to locate; the films do not bend out of shape 
or crack; and there is little danger of pulling a drawer out and injuring yourself. 


FILM LOCATOR LOG 


Every clinic should use a film locator log. In some instances someone will 
ask to borrow the film and report file of a patient. Unless this is controlled you will 
have many difficulties. | 


Before you lend or give films to any person, you should make sure that these 
people have the proper permission to obtain the films. Generally, your clinic will 
have a policy regarding patient files. 


The film locator log is a book kept by the clinic to show where films have gone 
that are missing from the files. It is kept to locate responsibility for missing films. 
This log will show the identification number of the film and report file, who checked 
out the file, who is to be responsible for the file, estimated date of returnand number 
of films and reports checked out. It will also include date films and reports were 
returned, 


EXAMPLE OF FILM LOCATOR LOG 


Date Name of Out By Responsible 
Patient To 


permanent retainment basis, 





You will know exactly where every film is when people call for it. If one doc- 
tor has a set of films that another doctor needs, you can easily refer him to the right 
person. Your film locator log can save you a great deal of embarrassment, but you 
have to keep it accurate. 
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Each set of films and reports should be checked when they are returned to you 
to make sure there are no missing films and reports. The person responsible should 
not be relieved of his responsibility until missing films and reports have been returned. 


BEHIND AND AHEAD 


You should now see how important it is that the examinations you perform should 
be scheduled so that the maximum use is made of the rooms, time and personnel, 
By scheduling properly, your patient will benefit by having his examinations done 
promptly and pleasantly. 


You know that the request form SF 519-A, is used both for requesting and re- 
porting the examination. You can check the form for accuracy and make any correc- 
tion necessary. You know how to assign identification numbers from the daily log 
and where to locate old numbers from your card indexes, You know how the request 
is used for writing the numberand sizes of films used, preparing negative preservers, 
report envelopes and card indexes, matching films, etc. You know that the original 
copy of the SF 519-A is sent to the requesting doctor and that the carbon copy is filed 
in your files, 


You know how to file the SF 519-A and your films. You have seen some of the 
types of file containers you might encounter, You know how to keep track of your 
films by using the Film Locator Log when checking them out to various people. 


The section ahead will tell you about disposing of the film that is taken in your 
clinic. You will find out what types of films have to be shipped to records centers, 
how to prepare them for shipment and where to send them. Film disposition is a big 
part of the administration of films and reports made in your clinic, 


DISPOSITION AND MAINTENANCE OF X-RAY FILM 


X-ray films are part of a patient's medical record. Air Force Manual 181-5, 
dated 1 July 1956, Chapter 8, Section F is the authority for disposition of various 
categories of film and reports. Films on various types of personnel are sent to re- 
cords centers for permanent retention. Other films are kept for a certain period of 
time and then salvaged or destroyed. 


It is important that films be disposed of as prescribed in this manual. You can 
look at your own files and see if these were allowed toaccumulate for years you would 
eventually occupy the entire hospital area. The time, money and space necessary to 
maintain expansive files would be prohibitive. Of course, some films are kept as a 
permanent record because they may be used in the future. Films of this type may 
provide the proof for claims against the government for injuries or disease occurring 
while the patient was on active duty. Certain categories of films are sent to other 
interested agencies throughout the country. 


Proper disposition of these films is a big job in the X-ray clinic. Because of 
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the number of films that can be taken in one clinic, exact schedules should be main- 
tained to see that films do not accumulate beyond workable proportions. A few films 
handled promptly will avoid a great deal of work later on. 


FINAL TYPE MEDICAL X-RAY FILMS 


Final type X-ray films of personnel consist of enlistment and reenlistment, dis- 
charge and physical disability films. These films are to be maintainedand retired as 
described in the following paragraphs. 


AIRMAN FILMS, There are three categories of final type films for airmen. 


@ Chest X-ray films made as a part of the physical examination of all per- 
sons accepted for enlistment or reenlistment in the Air Force. Also in- 
cluded are those made as a part of the physical examinations of appli- 
cants for officer candidate schools, and the aviation cadet program, and 
for flying type duty in an enlisted status. 


@ Chest X-ray films made just prior to discharge of persons in an enlisted 
status. 


@ X-ray films made in the case of a person who is separated by reason of 
physical disability but does not need or accept transfer to a Veterans Ad- 
ministration facility at time of discharge. 


OFFICER FILMS. There are five categories of final type films for officers. 


@ All X-rays of applicants for appointment as officers, warrant officers, 
and flight officers made as a part of the physical examination for appoint- 
ment. 


@ All X-rays of officers, warrant officers, and flight officers made as a 
part of the physical examination for active duty. 


@ All X-rays of students or graduates of officer candidate schools (includ- 
ing flying and technical training schools) who are applicants for appoint- 
ment, made as part of the physical examination for appointment. 


@ All X-rays of cadets at the Air Force and United States Military Acad- 
emies and candidates thereto, made as part of the entrance physical ex- 
amination. 


@ All X-rays of individuals in the above categories made at time of relief 
from active duty or separation. 


RETIREMENT PROCEDURE, The airman and officer categories mentioned 
will be forwarded in service number sequence on a current basis (weekly or monthly 
depending upon the rate of accumulation) to the Federal Records Center, GSA, Kan- 
sas City, Missouri. The complete return address will be indicated on all packages 
of X-ray film. 
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PACKING AND IDENTIFICATION INSTRUCTIONS, Fiim will not be bent, rolled 
or folded. The individual's service number and name, in that order, will be typed, 
printed or stamped on the front of each container used for inclosing film. (In case of 
reenlistment of an OSI agent, disclosure of the individual's rank and service number 
will be protected as provided in AFR 160-74). Negative preservers will be requisi- 
tioned through medical supply channels under FSN 7530-612-3950 and 7530-612-4000. 


Negative preservers measuring 4-3/8 by 10-3/8 inches will be used for all 4 
by 10 inch and smaller film. Larger preservers will not be used for these sizes of 
film. Individual identifying data will be placed parallel with and no lower than 1-1/4 
inches below the front open end of these preservers instead of in the space provided. 
After existing stocks of these preservers have been exhausted, they will be modified 
accordingly. 


All film larger than 4 x 10 inches will be inclosed in negative preservers of the 
14-1/2 by 17-1/2 inch size; however, if they are not available, envelopes of the same 
size will be used. Place the individual's service number parallel with the closed end 
and name in the space provided on the 14-1/2 by 17-1/2 inch preserver. If envelopes 
are used, flaps will be folded so that the glued surface does not come in contact with 
the film. Individual identifying data will be placed parallel with the front top edge of 
envelopes. 


VETERANS ADMINISTRATION BENEFICIARIES 


X-ray film will be included in the clinical records of beneficiaries of the Vete- 
rans Administration and will be retained in the accumulating activity one year after 
annual cut-off and sent direct to the Federal Records Center at Kansas City, EXCEPT 
as indicated below: 


@ Air Force medical treatment facilities located in the Philippine Islands 
will send such clinical records and X-rays to the Veterans Administra- 
tion Regional Office, Veterans Administration Building, Davidand Escolta, 
Manila, Philippine Islands. 


@ Air Force treatment facilities located in the Territory of Puerto Rico will 
send clinical records and X-ray film to the Manager, Veterans Admini- 
stration Center, Post Office Box 4424, San Juan, Puerto Rico. 


@ Treatment facilities in the Territory of Hawaiiwill send suchclinical re- 
cords and X-rays to the Veterans Administration Regional Office, Post 
Office Box 3198, Honolulu 1, Hawaii. 


@ Treatment facilities in the Territory of Alaska will send clinical records 
and X-ray film to the Veterans Administration Regional Office, Goldstein 
Building, Juneau, Alaska. 
TRANSFERS TO OTHER MILITARY MEDICAL TREATMENT FACILITIES 


When a patient is transferred to another medical treatment facility, all his X- 
ray film will be sent with him as part of his clinical records. 
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CHEST X-RAYS OF REJECTED APPLICANTS AND REGISTRANTS 


REJECTION FOR PULMONARY TUBERCULOSIS. Chest X-rays of applicants 
for enlistment or unacceptable registrants who are rejected by reason of pulmonary 
tuberculosis will be made available to the official state public health agencies of the 
rejected person's home stateby local arrangement. Active tuberculosis is a report- 
able disease in all states. When the state health officer considers the report indi- 
cating the existence of the disease sufficient and does not desire the film, it will be 
salvaged or destroyed. 


REJECTION FOR OTHER THAN PHYSICAL DISEASE. Chest X-rays of appli- 
cants for enlistment who are rejected for physical reasons other than disease of the 
chest will be destroyed or salvaged after findings have been entered on the physcial 
examination form. 


DISPOSITION OF UNACCEPTABLE REGISTRANT FILMS 


Chest X-rays of unacceptable registrants for induction will be packaged and re- 
turned tothe registrant's localboard. Packages will be labeled "Exposed X-ray Films" 
and will indicate the name of the induction station making the shipment. 


UNIDENTIFIABLE EXPOSED X-RAY FILM 


Exposed X-ray films of military and non-military personnel which cannot be 
identified will be salvaged or destroyed WHEN ENCOUNTERED. 


MOBILE X-RAY UNIT CHEST FILM 


Negatives indicating pathology are madea part of the patient's clinical records. 
Negatives indicating a normal chest will be destroyed after 30 days. 


X-RAY FILM MAINTAINED IN ACTIVE MEDICAL FACILITIES 


All mtedical X-rays, except those described in paragraph 333, AFM 181-5 and 
AFR 160-74 required to be transferred with the clinical records, will be maintained 
and disposed of as follows: 


MAINTENANCE OF X-RAYS. X-rays will be maintained in numerical order by 
assigned X-ray number or by other positive means of identifying each patient's X-rays. 
X-ray files will BE CUT OFF AT THE END OF EACH CALENDAR YEAR and new 
files established on 1 January of each year, When an X-ray is made of a patient who 
has been previously X-rayed, the previous film will be brought forward and filed with 
the most recent film under the identification symbol assigned to the latter. 


DISPOSITION OF X-RAYS MAINTAINED IN FACILITY. All X-ray indexes will 
be retired or disposed of concurrently with the X-rays to which they relate. X-rays 
will be cut off at the end of the calendar year, HELD 5 ADDITIONAL YEARS in the 
record staging areas or in any other manner consistent with prescribed procedures 
for adequate storage and servicing, and then be salvaged or destroyed. 
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Hospitals required by Headquarters, USAF to maintain clinical record libraries 
may file separately and retain indefinitely films adjudged to be of unusual interest or 
selected for teaching purposes. The related indexeg and interpretations should also 
be retained. 


OTHER DISPOSITION OF FILMS 


Paragraph 333, AFM 181-5 shows a few other conditions under which X-ray 
films are disposed. 


TRANSFER TO A VETERANS ADMINISTRATION HOSPITAL. When a man is 
separated or retired for disability and is directed to be moved toa Veterans Admin- 
istration Hospital, all of his X-rays will accompany his clinical record. The regis- 
‘trar will ask you to send films of these people to him so he can prepare the clini- 
cal record and send it with the patient. 


AMERICAN RED CROSS PERSONNEL. X-ray films will be included in the 
clinical record of American Red Cross Personnel. Again, these films will be re- 
quested by the registrar's office. | 


ALLIED AND NEUTRAL ARMED FORCES PERSONNEL, All X-rays will be 
given to these personnel with their clinical records when they are transferred. 


NAVY AND MARINE CORPS PERSONNEL. X-rays will accompany the clinical 
records of these personnel when they are transferred to a new treatment facility or 
transferred to a Navy administrative or liaison unit. 


WHEN ARE FILMS SENT OUT? 


Final type airmen films can be sent to the Records Center whenever you have 
accumulated a sufficient number of them to make a package. The number of these 
films you take will determine how often you should send them. However, it is a good 
idea to check every thirty days. A few sent at frequent intervals will make it easier 
to keep track of your files. In this way you will not have a great number to prepare 
at once. There have been a number of clinics which have accumulated large amounts 
of these films and have had a great deal of trouble when it came time to dispose of 
them. The main principle is to keep your files clean and orderly. 


The film that is maintained in your facility and held for 5 additional years should 
be arranged so that it can be disposed of readily. Let's say that you have a file of 
film for the years '52, '53, '54, '55, '56. You are now filing films of the current 
year 1957. On the first day of January 1958 you will start a new file of film, The 
film that you have for 1952 will be destroyed or salvaged. You see that you have five 
dead files of films and one current file. 


BEHIND AND AHEAD 


You are now acquainted with the various types of film categories that you must 
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dispose to variousagencies. You know when to send them and how to pack and identi- 
fy them. You also know where they are sent. You realize now that you must keep up 
with your files so that they won't swamp you. You should follow the exact instructions 
given toyou in AFM 181-5, Chapter 8, Section F to prepare your films for disposition. 


The next section will deal with other departmental administration procedures, 
such as correspondence and reports. 


DEPARTMENT ADMINISTRATION 


You have now completed the study of administration of the radiographic reports 
and film files. This part of your administration is only some of your paper work. 
The other administration with which you have to deal will relate to a number of dif- 
ferent activities. Of course, most of the reports or correspondence you receive will 
pertain to the work of your clinic, 


You will be required to know how to find answers to problems in Air Force, 
base and hospital publications. These will tell you the when, where, why, what and 
how to do things. You will answer and prepare correspondence of various kinds and 
learn how to file them, Reports will be submitted about your various activities. You 
will keep your records on your personnel, prepare duty rosters and provide men for 
details. Work orders will be made for installations and repens in your clinic. Ad- 
ministration is a day-to-day problem. 


PUBLICATIONS 


You have a series.of publications in which you can find many answers to your 
problems. They will usually be located inyour hospital sergeant major's office. This 
office will procure all of the necessary publications used in the medical facility. These 
publicationsare Air Force Regulations, Air Force Letters, Air Force Pamphlets and 
Air Force Manuals. There will also be base regulations and hospital policies. Go to 
the sergeant major's office and look through the publications that are there. 


You will be interested mainly in the publications under the 160 series. These 
pertain to the medical services. Some X-ray information is found here. AFR 5-2 is 
an index to all of the various types of Air Force publications. It is a good idea to 
periodically check through the index for new information or directives. Usually the 
sergeant major will send these publications, which are of interest to your clinic, to 
you so you are aware of their provisions. 


Air Force Regulation 9-2 is an index toall of the various forms you will use in 
your work. It shows those forms which are approved by the Air Force for use. You 
will also have some local type forms that your particular clinic or hospital uses. 


CORRESPONDENCE 


You should know what a military letter looks like and something of how it is 
prepared. Most of your business will be transacted over the telephone, but there will 
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be times when you will need to answer inquiries made to your clinic with a military 
letter. Air Force Manual 10-1, dated 1 March 1956, is the manual used in preparing 
correspondence. It will show you how to space and arrange a military letter. In 
some clinics these letters are prepared by the sergeant major's office and you will 
simply supply the information. 


You will need to file some of the correspondence you receive. Air Force Man- 
ual 181-4 provides you with a guide for setting up your filing system. You must re- 
member that ANYONE should beable to find a letter in your files. If you goon leave 
and are the only one who knows where things are located, the fellow who takes over 
will have trouble until you return. Your whole department should never have to de- 
pend upon one man, 


You will do a great deal of corresponding with sections in your own hospital. 
In the hospital you will have a section, usually the sergeant major's office, which 
distributes correspondence to the various departments and clinics in the hospital. 
Instead of running to each individual department or clinic you will send all of your 
correspondence to this distributing center. 


Most of this intra-hospital communication is done with DD Form 96, Disposi- 
tion Form and DD Form 95, Memo Routing Slip. The disposition form is usually 
filed because it will relate to certain operations that should be recorded. The Memo 
Routing Slip, however, is never filed because it is generally used just to route ma- 
terial through interested departments. Air Force Manual 10-1 is also the guide to 
using these two forms. 


REPORTS 


You will be required to submit various reports on activities in your clinic. 
Some of these are a part of medical reports required of all hospitals, and others are 
for use by base or Air Force agencies. 


PROFESSIONAL ACTIVITIES REPORT (AFR 160-63). This is a report on the 
amount of work of various types that your clinic does, problems in your clinic or any 
other remarks that are considered important. The X-ray clinic will be responsible 
for Part IV, Report of Radiology Services (Figure 13-1). 


The Professional Activities Report is the ultimate end for other types of re- 
ports. These reports are known as monthly reports, bi-monthly reports, Report of 
Radiology Services, etc. All of them require you to present the number of various 
examinations your clinic has performed, number of films used of various sizes, 
number of military, civilian and dependents, etc. Usually these are nothing more 
than worksheets for the report proper. This report is sent on DD Form 96 to the 
Chief of Professional Services. All of the various department reports are consoli- 
dated and sent forward as the Professional Activities Report. 


OUTPATIENT REPORT (AFR 160-80). The outpatient report is used to record 
the number of visits that certain categories of patients make to your hospital. It is 
used to provide current data to the Surgeon General's office on specific conditions 
among outpatients and the extent of the medical workload on your hospital. This in- 
formation is used in program planning, computing the number and type of personnel 
your hospital needs, and helps determine the kinds of illnesses being treated at spe- 
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cific bases and areas. 


You will need to keep a record of the number of visits made by the following 
categories of personnel, 


Active duty military - These are officers and enlisted persons in the 
Army, Navy, Marine Corps and Air Force on extended active duty. 


Short tour active duty - These are patients performing short tours of 
active duty of less than 91 days with the Armed Forces of the United 
States. (Reservists, National Guard, ROTC, etc.) 


All military dependents - These are dependents of active duty, retired 
and deceased military personnel. 


United States civilian employees - These are civilian employees and 
their dependents who receive treatment or examinations in your clinic. 


Others - This will be the catch-all for other categories who are not 
included above. This may be used mostly overseas. 


PART IV 


PROFESSIONAL SERVICES REPORT 


. Number of examinations 3,623 
a. Fluoroscopic 123 
b. Radiographic 3,500 
- Total number of X-ray plates exposed 6,324 
- Number of treatments, if any 53 
a. X-ray 48 
(1)Deep 18 
(2) Superficial 30 


b. Radium 3 


c. Other 2 {Radioactive isotopes, etc.) 


- Remarks, unusual problems, etc. 


- Officers assigned: 


NAME DOS GRADE Proportional of 
total time aesign- 
Amos, D.R. 12 Sep 58 Major ed this service 
(Date of sepera- 100% 


tion: Day, month, 
year) 


CHIEF OF RADIOLOGY Amos, D.R., Major USAF (MC) 


DATE TYPED OR PRINTED NAME AND GRADE SIGNAT URE 


13 Oct 57 D.R. Amos, Major, USAF, (MC) 





Figure 13-1 Professional Activities Report 
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A visit is made when a patient reports for any medical advice or treatment. 
You can only record one visit for one patient per day. Even if you X-ray him three 
times in the day he has only made one visit. Also he must come directly to the clinic 
for an examination to be counted as a visit. Youcannot count his visit if he is coming 
to X-ray as a part of a course of observation or treatment. He will be counted by 
the department he first visited. This will be confusing until you have worked with 
this particular system for atime. You may never list a patientas a visit for regular 
routine radiographic work because each request is signed by a physician or another 
section. This means that the patient visited the referring section first and has al- 
ready been listed on that section's record as an outpatient visitor. 


DD Form 444, Outpatient Report, is made out by the front office, but informa- 
tion for lines 17, 18 and 20 will be furnished by you to them on a DD Form 96. Line 
20 may reflect any mass screening or test examinations such as you might perform 
for chest surveys, food handlers, etc. Line 17 will show the total number of X-ray 
and radium therapy treatments of any type, whether or not the examination was in- 
cidental to a "visit" or ''examination" reported somewhere else onthe form. This 
figure will probably be taken from your Professional Activities Report. Line 18 will 
show the number of fluoroscopic examinations made, whether or not they were in- 
cidental to a "visit" or "examination" reported somewhere else on the form. You 
can only report one fluoroscopic examination for one individual on any given day, 
however, Generally, what this report will boil down to is a record of the number of 
fluoroscopic examinations you have performed (Figure 13-2). 
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Figure 13-2 Outpatient Report 
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tion for various hazardsand see that your fire extinguishers are in proper condition. 
You will either fill out a prepared fire report form or indicate on a DD Form 96 the 
condition of your section. These reports are sent to the sergeant major's office. 


CONSULTANT REPORTS. These are prepared in some clinics that have no 
assigned radiologists. Civilian doctors are paid as consultants to come to the clinic 
and read the films that are taken. The report will indicate the fact that a consultant 
was used, and other particulars required by your hospital administrative section. 


RECORDS MANAGEMENT REPORT. This is one of the reports required by 
AFM 181-5 on the disposition and control of all correspondence files and other records 
that you have accumulated in your clinic. As with the film and radiographic reports 
files, you will have to keep track of other paperwork you have inthe clinic. Your 
hospital is required to report, periodically, the amount of these files to the records 
control officer. Information on this report is found in Chapter 4, AFM 181-5. 


A Monthly Linear Control Inventory is required in all sections too. This is 
the measurement of all records you have stored in your clinic. The "linear'' mea- 
surement will be in feet. If you have a file drawer that has two feet and eight inches 
of records stored in it, you will report the inches in twelfths. For example: 2-8/12 
feet of records. Each section will have a Records Control Schedule sent to it from 
the hospital records officer. This will show the amount of records stored in your 
section and will give directions for disposing of the various categories of these re- 
cords. Each year you will submit an Annual Records Disposition Schedule Report to 
show the amount of records and the categories that you have disposed of or sent to 
records centers. You will find complete explanations for disposition of all your re- 
cords in AFR 181-5, 


Other reports, that are peculiar to each installation, may be required. The 
number and purpose of these are not important to you hereand you will have to learn 
about them in your own particular clinic, Usually they are not difficult or detailed 
and can be prepared from your current logs or files. 


There are more administrative tasks that you must perform but these will be 
seen in later chapters. The important thing about administration is to accomplish 
each day all that is necessary. Pieces of paper can pile up very rapidly. As an 
administrator you have to keep up with it. You must keep up with suspense dates on 
all reports or your commander may find that you are not cut out for your iob. Don't 
ever feel that administration in your department is a secondary job. 


BEHIND AND AHEAD 


You are now familiar with some of the various types of reports that you will be 
expected to prepare. You know something about a military letter, disposition forms 
and memo routing slips. You should know where to look for information in Air Force 
base and hospital regulations, letters, manuals and pamphiets. To become familiar 
with these things you should make périodic checks with the publications files in the 
sergeant major's office and learn the details of using these files. 


Ahead of you, in the next section, is informationon your supply problems. You 
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will learn how to order supplies, how to control them, account for them and how to 
turn in worn property. Supply administration is also a big job in your clinic. Al- 
though many people donot realize it, they are spending their own money when supplies 
are used improperly or wastefully. 


SUPPLY ADMINISTRATION 


Where do you get things to work with? How do you get rid of old and worn out 
equipment? What do you have to do if you want something that isnot a standard stock 
item? Who is responsible for all of the materials and equipment you will be using? 
All of these questions will be answered in this section on supply administration. 


To do your job and do it well requires many different articles of supply. You 
will get everything you need from medical supply. You will have to be careful, how- 
ever, because you don't haveas much credit there as you might in town. This doesn't 
mean that you can't get everything you need, but they will see that you don't get so 
much that you waste it. Medical Supplyis the department store for the medical group. 
It will supply you with X-ray film or high KV therapy machines. But there has to be 
a system so that youcan get supplies when you need them - in the quantities you need. 
You will notice that NEED is the key word. Supply is a big job and one that has to be 
minutely controlled to function properly. 


BUDGETING 


How do you determine how much of each item you will need? One of the big 
factors in the supply procedures is PLANNING. You will have to learn how to budget 
your department. When you receive your pay every month you have to determine 
what to buy and what bills to pay. The same thing is true for your hospital. Each 
year your hospital is given just so much money to runon for the period. This money 
is determined by YOU and all the other sections in the hospital. 


You will make an estimate of the amount of supplies that your clinic will con- 
sume throughout the year. You will also estimate the cost of certain repairs, in- 
stallations and additional new equipment you might need in your clinic. These esti- 
mates are then sent to the front office and compiled with all the other department es- 
timates into one figure. The total amount that it will take to run your hospital will 
be sent to Washington and studied. After each detail is discussed, as to the absolute 
necessity of the items toyour mission, anappropriation will be made to your hospital. 
The amount of money may be what you asked for and it may not. There are many 
factors which will influence the amount any particular area will receive, as you well 
know. 


The money that is made available to your hospital is then divided among the 
various sections based on the estimates they made. However, you do not see the 
money. It is part of the supply system. You may use every cent you estimated and 
you may not. If you don't use all your money it can be used by another section for 
additional equipment, etc. 


You still must know how to go about this budget business, What things do you 
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have to figure in your estimate? To find this out you should know about expendable 
and non-expendable supplies and whether they are medical or Air Force supply items. 


Expendable supplies are those articles that are used up like films, developer, 
lead numerals, paper, pencils, paper clips, etc. To keeptrackof items of this type 
the supply system puts them into classifications. Items that are of a particular part 
of the medical service operation are classified as ''Medical'', Things which are not 
used in particular departments for specific medical purposes are "Air Force". The 
X-ray films, developer and lead numerals are medical items used specifically in the 
X-ray clinic. The paper, pencils and paper clips are used in every activity and are 
general Air Force items. 


Non-expendable equipment is that equipment which lasts for an extended period 
of time. Examples of medical non-expendable equipment are X-ray machines, cas- 
sette changers and cassettes themselves. Examples of non-expendable Air Force 
equipment are metal chairs and desks. 


In budgeting you have to consider how many films you will use, how much de- 
veloper you will need, etc. Your expendables area major part of your budget because 
you must have enough to last you. In determining how much you will need you should 
take into consideration the effect a new organization might have on your consumption 
of film. Loss of a base unit would lessen needs. You can think of methods of saving 
films like accurate training and using more views on one film, etc. Budgeting is 
thinking ahead and planning for all possible changes that may create a shortage or an 
overage of supplies. 


Budgeting for non-expendables will require an absolute justification as to why 
these items are required in your work. You will have to assure your supply officer 
that your efficiency will be increased. Youcannot say that you would just like to have 
something - you must sell your supply officer on its value to your clinic. Supply is 
there to help you get what you NEED. 


Other things are necessary in estimating a budget. You will have to think of 
the possible spare parts for your machines such as electron tubes, cables, X-ray 
tubes, etc. Youwill need to estimate any repair that may be needed in the clinic such 
as remodeling, painting and the like. You will need to think of the cost of maintenance 
checks on your equipment if you have no military medical maintenance personnel avail- 
able. You will find that budgeting is a thinking job and that when time arrives to es- 
timate your costs, the amount of thinking you do will be reflected in the operation of 
your clinic. 


HOW TO FIND BUDGET ESTIMATES. You are aware now of the importance 
of budgeting, but how do you arrive at the necessary figures you need for the esti- 
mate? You will need to know what you used in the past. From past figures you can 
project into the future. Youmust make a list of all items that you use in your clinic. 
This list should include everything from paper clips to X-ray tubes. You must look 
ahead for any possible increase inyour clinical operations such as approved additions 
to your clinic, new examinations and procedures, 


From your previous supply records you can obtain the amount of supplies you 
used. You will list these with any decrease or increase that you think necessary. 
The items should be kept separated into Medical and Air Force expendable and non- 
expendable, 
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Let's take a few items and see just what they would cost you in a year's time 
if you had to buy them. Usually you will have a stock level which will be more fully 
explained later on. However, to illustrate, let's say you get so many items every 
two weeks throughout the year. The list below could be used as a starting point. 


ITEM USED PER MONTH UNIT PRICE TOTAL PRICE 
Paper clips 12 boxes $. 04 $. 48 
Bond typing paper 1 ream 2.55 2.55 
Developer, 5 gal. 8 bottles 2. 46 19. 68 
Film, photofluorographic 4 rolls 7.88 31.52 
Film, 8 x 10 15 boxes 10. 26 153.90 
Film, 10x 12 40 boxes 15.10 604, 00 
Film, 14x 17 10 boxes 28.94 289. 40 
Fixer, 5 gal. 8 bottles 2.00 16.00 


These figures add up to the total of $1,117.53 per month. Multiplying this by 12 e- 
quals $13,410.36. This figure is just for eight commonly used items in your clinic. 
There areover 150 hospital and dispensary radiology clinics in the Air Force. Using 
these figures as the average for 100 clinics, you would spend $1, 341,036.00 in just 
one year on eight common items. You should see now that budgeting in the Air Force 
is important. 


STOCK LEVELS 


Stock levels are the amount of supplies you will need for certain periods of 
time. Once your budgeting has been completed you will know what things you will 
need and generally what quantities will be required. This amount is then broken down 
into how much you will require to operate two weeks. You will not be given the whole 
year's supply because you won't have a place to store them, some materials must be 
fresh, etc. 


You must determine how much film, developer, negative preservers, pencils 
and other items you will use during a two week period. The amount of each item 
will then be your stock level for that item. As an example, you may use twenty boxes 
of 10 x 12 film every two weeks. Your stock level would be 20 boxes. 


If you find that you do not use that much or that you do not have enough of va- 
rious items, you will send a disposition form DD 96 to your supply officer requesting 
that your stock level be increased or reduced. Youshould only order what you ACT- 
UALLY need and use. 


CONTROL NUMBERS FOR ISSUE SLIPS. Before you go into how to prepare 
an issue slip you should know about the "Register of Control Numbers". AF Form 
1l5a. (Figure 13-4). This register will helpyou in keeping trackof all your accounts 
and also allow you to keep a check on your issue slips. 


The control number is used on your issue slips. It will consist of the day, 
month and number of the document. As anexample: you make an issue slip on 15 
January and it is the first one you have made. Your control number will be "1-15-1". 
From that date on you will use the next consecutive number for your third number. 
If you made another issue slip on 20 January that control number would be "1-20-2". 
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You will fill out the AF Form 115a with ink, typewriter or indelible pencil. If you 
have to correct any entry you will draw a line through the incorrect entry so it can 
still be read and place the correction above the line. 


REGISTER OF CONTROL NUMBERS 


OATE OR FISCAL YEAR 


PROPERTY CLASS. 
WORK ORDER, UN ACCOUNT 
OR AF COST CODE 


(TEM IDENTITY OR 
OTHER INFORMATION 





AF FORM 115a PREVIOUS EDITIONS OF THIS FORM MAY BE USED. 
1 AUG $2 REPLACES AF FORM 237. 1 MAR S81, WHICH MAY BE USED. U. 6. COVERIOENT PRETTING OFFICE: 1968 © - 317169 


Figure 13-4 AF Form 115a 


ISSUE AND TURN-IN PROCEDURES 

Now that you know about the control numbers that must be used you will learn 
about how supplies are issued to you and how you turn-in old or broken equipment. 
A recent revision of supply procedures has consolidated the two former issue and 
turn-in slips into one form. This form is the DD Form 1150. 

ISSUING. You will request issue for supplies according to various types of 
"schedules", These are set up by your medical supply. You will make a separate 
DD Form 1150 for all items listed in the categories below. 

1, Expendable and non-expendable 
2. Stock Fund and Nonstock Fund Items 
3. Initial and replacement 


‘4. Security and non-security 


5. Diagnostic radioactive isotopes 


13-24 


Non-medical items will be requested on separate issue slips for each class and 
sub-class of Air Force property. Th¢ number of copies and schedule of submission 


of these slips will be determined by your supply officer. 


TURN-IN PROCEDURE, Youwill find that you will be required to turn-in equip- 
ment or items for a number of reasons. Some of these reasons may be: items on 
hand exceed authorization, equipment worn out through proper use or broken through 
carelessness or neglect, turn in ordered by higher authority, or need for some items 


may no longer exist. 


You will make separate DD Form 1150's for expendable, non-expendable, ser- 
viceable, unserviceable, standard, non-standard items, security and non-security 


items, 


PREPARATION OF TURN-IN SLIPS. The same DD Form 1150 is used asa 
turn-in slip. It differs only in the preparation when used as a turn-in slip. You will 
not place serviceable turn-ins and non-serviceable turn-ins on the same slip. 


‘a 


REQUEST NUMER 
rome EB EP ae 
OATE BGATERIEL REQUIRED 
aiedeenaiien kee 
POSTEO (anivtste & ante) 
SN mE ceo 






oi $6 





ACCOUNTING AND FUNDING DATA 


lel con 
end ie properly ehargeeble to XIX XX XXX furnished under Obligation Authority Mo XX daved XZ, Signed ty 0. 






STOCK NUMBER AND DESCRIPTION OF MATERIEL. ANO/OR SERVICES 


DD a 550 


Figure 13-5 Request for Issue or Turn-In 


SUPPLY REPRESENTATIVE AUTHORIZATION (AF Form 93) 


Before you can draw any supplies you must be authorized by your department 
property officer, The responsible property officer can delegate to you the authority 
to sign for either non-expendable or expendable supplies or for both types. He is 
still responsible, however. 
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Specimen signatures will be submitted to the medical supply. These signatures 
are submitted on a DD Form 96. 


Air Force Form 93 is a small card like your pass. This card will have your 
name, grade, serial number and signature on it. The card must be signed by your 
responsible property officer and countersigned by the base medical supply officer. 
The card will also state how much authority is delegated to you. Whenever you draw 
supplies you will have to present your authorization card, Your responsible property 
officer will collect and destroy all cards if he wishes to cancel your authority to draw 
supplies. He will notify the base medical supply officer in writing that he has can- 
celled your authority to draw department supplies. 


You have been reading about non-expendable and expendable equipment, control 
register numbers and issue slips. Before you can go further you must learn about 
the Base Medical Plant Account. 


BASE MEDICAL PLANT ACCOUNT 


All non-expendable medical equipment is "loaned'' to your department by the 
base medical supply officer. The base medical plant account is arecord of this loan. 
When the equipment is issued to your department you are in "custody" of the equip- 
ment and RESPONSIBLE for it. 


The commander of your hospital will assign responsible property officers in 
each section. These responsible property officers may be non-commissioned officers, 
civilians or officers, If youare anon-commissioned officer you will sign for all non- 
expendable property when assigtied as responsible property officer. This equipment 
is your property. You will see that it is used properly and you will safeguard it to 
the best of your ability. It is important for you to remember that the property is 
YOURS and YOU will be responsible for any misuse, loss or negligent damage to any 
property in your custody. 


Custody receipt account numbers are given to each responsible property officer 
by the medical plant account officer. This number will be YOUR account number and 
will be used onall issueand turn-in slips. Anexample of how your number may appear 
is "S-32", 'M-1004"', This number will have the same significance that an account 
number has on an installment book used to make payments on an automobile. When- 
ever any transactions are made that affect your account you will use your account 
number to identify yourself. In your situation you will be dealing with supplies and 
not with cash. : 


Inventories are made of all medical plant account property inyour clinic. Some 
clinics have an inventory once each month, but all activities are required to have an 
annual inventory of all property on their medical plant account. Inventories are nothing 
more than counting the non-expendable items that you have signed for to see that they 
are where they are supposed to be, being used properly, and still in serviceable con- 
dition. If your department has two X-ray machines and twelve cassettes, you will 
have to find and account for this equipment. 


Air Force Form 90A is maintained by every responsible property officer (Fi- 
gure 13-6). This form is used to record the items of non-expendable property that 
you have been issuedor haveturned-in. You will keepa jacket file onall of the issues 


padre 
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(good reason) for wanting any particular item. Again, you must sell your supply of- 
ficer on the necessity of any local purchasing you may want to do. 


You will need to forward the information on the item or services you need to the 
medical supply officer. The medical supply section will see that you get the item or 
service if tHe request is approved. In sending your request to the medical supply of- 
ficer you should include all the information that identifies the article or service you 
want, the estimated cost, and places you can obtain thesearticles or services. This 
is done with DD Form 1150. 


DEPARTMENT LINEN SUPPLY 


Each department in the hospital will use some linen. This linen is rigidly con- 
trolled and care must be exercised in keeping track of it. You will be using sheets, 
towels, hand towels, pillowcases, etc. 


Generally, the linen control officer will determine a stock level from figures 
submitted to him from the department. You will draw your linen according to this 


stock level. AF Form 581, Linen Supply Record may be used for establishing this 
stock level. 


AF Form 581 is also used to exchange your linen. Usually this exchange will 
be performed in the mornings on a daily basis. At the top of the sheet you will see 
inthe "This Record" spacethe department, such as 'X-ray Department, Daily Issue" 
or "X-ray Department, Weekly Issue''. The list of common linen items is filled 
in with those items you are going to exchange. The date is necessary at the top al- 
so. The signature at the bottom of the sheet is a receipt for the linen marked on the 
face of the form. See figure 13-7, next page. 


YOUR UNIT ALLOWANCE LIST (UAL) 


You will be hearing and seeing the term "UAL", This is an abbreviation of 
Unit Allowance List. This listis alist of the specified equipment that youare author- 
ized to have in your department. Any additional equipment you think you need will 
have to be approved as a part of your UAL before you can request it. 


The major air command determines what items are needed by each of its or- 
ganizations. At the major air command headquarters thereis a board which reviews 
all requests for changes in an activity's UAL. Your UAL is your authorization to 
order new equipment. As an example, you are authorized two X-ray machines, but 
only have one. Because your UAL gives you two machines you can order the other 
machine. However, if you only have one machine authorized and really need another 
machine because of an increased workload, you will need to request an increase in 
your UAL. 


Requests are made on a DD Form 96 and sent to supply. A complete descrip- 
tion of the item that is required will be submitted and a studied justification must ac- 
company the request. Medical supply sends the request on until it reaches the major 
air command UAL Board. Once it is approved, you are authorized the new item and 
can order it. 
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LINEN SUPPLY RECORD 
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Figure 13-7 Linen Supply Record 


SUPPLY RESPONSIBILITY 


You have been reading, now, a great deal about supply as you will see it i - 
X-ray clinic. Throughout the various paragraphs you have read about responsibilify 
for suppliesand equipment. It has been emphasized that YOU are responsible fot any 
supplies or equipment you are around. Supply responsibility is outlined in AFR 67 
10 and its changes. Some pertinent information is taken from that regulation ™ 
quoted here so you can see just what your supply responsibility is. 
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SUPERVISOR RESPONSIBILITIES. A person who exercises supervision over 
property received, in use, intransit, in storage, or undergoing modifica- 
tions or repairs is responsible for (1) the selection of qualified personnel 
who will perform duties under his control; (2) the proper direction of such 
personnel; (3) the issuance of any instructions to these personnel that may 
be required to insure compliance with existing regulations governing pro- 
perty as set forth in AFM 67-1 and other Air Force directives. 


AFR 67-10, Section Il, Para. 5c. 


CUSTODIAL RESPONSIBILITY. <A person who has acquired physical pos- 
session of property is personally responsible for such property if the pro- 
perty is: 


(1) Issued for his official or personal use and habitually under his control. 


(2) A Me ee Me Hee He eH He He ee He He A He He He ae He He He He He He ee He He He he He ae he he he ae he He he he he He OE He he he ae he ae he he ak ae ae 


(3) Acquired by an individual under circumstances requiring his personal 
care, custody and safeguarding. 


AFR 67-10, Section III, Para. 13 


CUSTODIAL RESPONSTBLLIT Y, 22 esse spoddisisioaiaisk deka tater doi ites tk 
This applies equally to the RECIPIENT of property for his use or consump- 
tion. Such recipient, on receipt of property for official uses, assumes cus- 
todial responsibilities which may be extended to pecuniary liability in the 
event of NEGLIGENT LOSS, IMPROPER USE, OR IMPROPER DISPOSAL. 


You can see that even if you are not assigned specifically as the responsible 
property officer, you are STILL responsible for the equipment and supplies with 
which you work. 


BEHIND AND AHEAD 


You have now covered a great deal of administration that you will find in your 
X-ray clinics. The material that is in this book is just a small part of the every day 
work you will encounter in the different clinics to which you may be assigned. The 
day-to-day knowledge will come only with experience. You should know now how to 
process a patient through your clinic, file films and radiographic reports, some of 
the medical reports your clinic will submit and how your supply procedures will func- 
tion, 
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9. 
10. 
ll. 
12. 


13. 


14, 
15, 
16. 
17. 
18, 
19, 
20, 
21, 
22. 
23. 


24. 


QUESTIONS 
What ethics are required of you in your relations with the doctor, patient and 
other technicians ? 
What things must you think about in scheduling your patients for examinations? 
What is SF 519a? How is it filled out and what do you check on the form? 
What do you do if the form is improperly completed? 
What information is placed in the daily log book? 
How are identification numbers assigned to a patient? 
Describe the process the patient and SF 519a go through in an examination. 
Why are index card files used in the X-ray clinic? 
How are the SF 519a's distributed and filed? 
How are films filed? 
What is a film locator log and why is it necessary? 
What Air Force manual is used in the disposition of film and records ? 


Is it necessary to follow the procedures outlined in the manual mentioned 
above ? 


How are X-ray files maintained in the clinic? 

How are X-rays disposed of in the clinic? 

When do you send films out? 

What types of Air Force publications will you see? 

What manual is used in preparing a letter? 

What manual is used to establish a filing system for correspondence? 
What is the Professional Activities Report? 

What is the Outpatient Report? 

What report is completed on AF Form 675? 

What are consultant reports? 


Explain what budgeting is. 


25. 
26. 
ZT. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
41, 
42. 


43, 
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What are expendable supplies? 

What are non-expendable supplies? 

What are medical and Air Force supplies ? 

How do you go about budgeting for supplies ? 

What are two week stock levels and how do you establish them? 
What form do you use to order supplies and how is it filled out? 
What are control numbers? 

What is AF Form 115a? 

What is AF Form 93? 

What is a base medical plant account ? 

What are custody receipt account numbers ? 

When and how do you take inventory of your equipment ? 

What is AF Form 90A used for in your supply procedures? 
What is DD Form 1150? 

What is local purchase? 

What are the procedures for using local purchase? 

What is AF Form 581? 

Describe what a UAL is and how it is used? 


What are your supply responsibilities? 
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There are other areas of potential calamity you should be prepared to meet. 
These are the national disasters which have frequently spread about our nation. Med- 
ical support is required by our civilian populations, as in the destruction wrought by 
the explosion that occurred in Texas City, tornadoes such as the type which smashed 
Waco, Texas, and the great floods which swept New England into mass wreckage in 
1954. In these areas normal facilities were destroyed or reduced. Disaster support 
by the armed services provided added facilities with mobile units. These types of 
events provide motivation for learning what to do in any emergency. 


You should see now that the ability to do your job ANYWHERE AND ANYTIME 
is important. You will need some knowledge of how to do this in the field. Atomic 
warfare and natural disasters require that you know field operations. 


ORGANIZATION OF FIELD MEDICAL SUPPORT 


Field medical support is that support providing medical care to personnel in 
the field. This care is basically the same as given in a permanent hospital. There 
must be some kind of organization of various type units to give this medical care. 
These units must be designed so that they provide sufficient care, yet be flexible, 
mobile and self-sufficient for various periods of time. It is a plausible conclusion 
that when a squadron of fighters and bombers moves to a new location that a 500-bed 
hospital with all its equipment and facilities cannot tag along. 


BLOCK AND DUAL UTILIZATION PRINCIPLE 


Medical care inthe fieldis based ona "building block" and dual utilization prin- 
ciple. The "building block" principle simply means that small units can be combined 
into larger units or larger units can be broken down into smaller units. Dual utiliza- 
tion is nothing more than having medical airmen work with the combat unit when it 
moves from a home base, and when that unit returns to the base to work in the fixed 
hospital. The basis for this idea is that when a squadron moves out it reduces the 
base population and need for airmen, so they can accompany the squadron. When the 
squadron returns the base population increases, so the airmen can be utilized in the 
fixed facility. Thus, you may go with the combat units into the field and onyour re- 
turn go back to the hospital clinic. 


SIX BASIC UNITS 
Field medical support is provided by six types of units. These units can be bro- 
ken down or combined to form a number of different size facilities to meet different 
requirements. These basic units are: 
@ Squadron Element @ 50-Bed Tactical Hospital 
@ Headquarters Element @ 100-Bed Tactical Hospital 


@ 36-Bed Airborne Infirmary @ 150-Bed Tactical Hospital 
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SQUADRON ELEMENT. Each squadron has a fly-away dispensary that is call- 
ed the Squadron Element. This element has one officer and three airmen. It pro- 
vides dispensary care for its individual squadron and is capable of caring for approxi- 
mately 300 men. This element is supplied so that it can be independent for a thirty- 
day period. You can look at it as the squadron's personal "doctor's office’. Usually 
three to four squadrons will make up an Air Force wing. Thus if three squadrons 
moved into a combat area, three squadron elements (one for each squadron) would 
move also. 


HEADQUARTERS ELEMENT. The Headquarters element isa fly-away dispen- 
sary of the same type as the Squadron Element. However, it is the controlling unit 
of the tactical hospital. It accompanies the wing headquarters unit to provide staff 
assistance (advise unit commander on medical problems) and medical support (care 
for patients in the headquarters section). This unit has one officer, usually a ranking 
medical officer who is the hospital commander, and three airmen. This unit acts as 
the "doctor's office"' to wing headquarters personnel. 


36-BED AIRBORNE INFIRMARY. In the previous two elements you have un- 
doubtedly surmised that there is little use for an X-ray technician. However, you 
will find that the 36-bed Airborne Infirmary will be the basic unit. This unit will 
operate with three officers and fifteen airmen. There is only one Radiology airman 
with this unit and he will be at least a five-level airman. If you are this X-ray tech- 
nician, you will be alone and need to fend for yourself in performing your X-ray pro- 
cedures. 


The 36-Bed Airborne Infirmary is not a unit for complete support. It is the ad- 
vanced party, so to speak. It provides for a more complete type of medical treat- 
ment than a dispensary, however, immediately upon arrival at its destination. When 
the infirmary is combined with one or more squadron elements, it is independent for 

a period of ninety days without re-supply. It provides the basic clinical facilities of 
a hospital such as Radiology, Surgery, Pharmacy, Laboratory, Medical Ward, Sur- 
gical Ward, Dental Clinic, Out-Patient Clinic and Food Service. It is designed to 
care for a 900 to 2200 man movement. As mentioned previously, it can remain self- 
sufficient for ninety days. 


50, 100, 150-BED TACTICAL HOSPITALS. These hospitals are formed by 
combining various units and supplementing the 36-Bed Airborne Infirmary with addi- 
tional personnel, These tactical hospitals are authorized according to the type of 
wing that is being used. A fighter wing, with less personnel than a medium bomber 
wing, would have a 50-bed hospital. A medium bomber wing would have a 100-bed 
hospital, etc. Two radiology airmen are assigned to these units. 


MOVING OF UNITS 


Orders tomove your unit are part of the Operations Orders issued for deploying 
a unit. Your commander will give your unit a briefing on where you are going before 
each move. 


FORWARD BASE SURVEY. You will not enter an area without proper prior 
survey. An officer or a forward element will look over the site of your unit before a 
movement is accomplished. They will investigate: 
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@ Physical facilities to determine if existing shelters are available or if 
tents will be required. 


@ Availability of water, drainage, heat, power, etc. 

@ Ability of a forward base to re-supply the unit. 

@ Type and amount of additional supplies which may be needed. 

@ Necessity of bringing all or just part of the Airborne Infirmary. 


TYPES OF FORWARD BASES. There are three types of forward bases - Op- 
erational, Rotational and Standby. In peacetime, these units are staffed and supplied 
with personnel and equipment consistent with peacetime missions, 


TRANSPORT, At the present time, three types of aircraft are used to trans- 
port infirmaries to operation sites. These are the C-119, C-124, and the new C- 
130. You will be informed before each movement on the type of aircraft you will be 
assigned. 


Your equipment is combined in the infirmary group and you will be called on to 
help the loadmaster in loading and unloading the equipment. You will be working as 
part of a team and will be required to perform any duty necessary to get your unit in 
the air and on its way. 


SUPPLY REQUIREMENTS AND PROCEDURES 


Your unit is self-sufficient and is always supplied to move immediately. The 
equipment is prepared, packed and assembled so that it is ready to go at all times. 
This requires a great deal of preliminary planning. 


RADIOLOGY SUPPLIES AND EQUIPMENT 


The Equipment Component List (ECL) 20-90-28 itemizes the supplies and 
equipment for the 36-Bed Airborne Infirmary. This list is the guide by which the 
unit is set up. Each item that is essential is on this list. There is included at the 
end of this chapter a list of X-ray supplies and equipment. All of the equipment for 
the mission is listed under what is known as the UNIT MISSION EQUIPMENT (UME). 
The equipment which is air transportable is known as the UNIT ESSENTIAL EQUIP- 
MENT (UEE). All of this equipment is originally authorized under the ordinary Unit 
Allowance List (UAL). Now refer to list beginning on page 14-11. 


Temporary changes in authorization and allowance documents, to meet a 
mission requirement, are usually made ataunit level. The mission will usually cre- 
ate various additions or deletions from your Unit Essential Equipment so you must 
expect a change. 


The electrical power for your machine is supplied by several sources, Gener- 
ally, in peacetime, your unit will be supplied from a commercial source. However, 
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in manuevers or combat you will depend upon individual field sources. These sources 
may be the power unit which supplies the entire infirmary with a separate lead to your 
machine, or small portable gas generators like the new B-12 generator. These small 
generators will have acapacity of 2.5 KW. and furnish 20.8 amperes. These usually 
suffice for a 15 MA field unit. 


The allowances you have seen are based on past experiences and present day 
anticipation. Only the essential equipment has been included. 


REQUISITIONING, RE-SUPPLY AND STORAGE 


Preparing your X-ray unit for movement, and keeping it ready when not in use 
are most important factors. The preparation and readiness of the X-ray unit is pri- 
marily the responsibility of the medical supply officer, however, you will be aneces- 
sary part in advising him. 


STORAGE, The radiology airman will helpcheck on the amount of supplies and 
inform the medical supply section on any shortages or overages he has noticed. He 
will see that the material is complete and in a serviceable condition. Rotation of 
deteriorating items, such as film, will be made to keep the supplies fresh and ready 
to go. These exchanges are made with the fixed facility. Replacement is made in 
advance of the expiration date of the film and the change is recorded on a local form 
in a manner similar to that illustrated below. 


STOCK NO. ITEM LOT NO. EXPIR DATE BY REMARK 
AMOUNT DATE CHECKED 
6525-601-9015 Film, X- Vv20 10/1/57 7/1/57 JDB £Exchang- 
ray 75 s, 4 pkg. ed with 
14x 17 X-ray 


PACKING. The equipment is packed in metal chests and fiberboard boxes which 
are waterproof. Each container is numbered, The darkroom tents may be shipped 
in a wooden chest and barracks bag. 


MARKING. Every chest or package is marked so that it can be identified. This 
marking may be done by the medical supply section, and usually is, but you may be 
required to do this for your own equipment. The identification usually includes the 
designation of the wing, tactical hospital and number of the package. The weight and 
cubic feet of each container is marked clearly. This is important because aircraft 
loadmasters must know just how much equipment is being shipped to load the aircraft 
properly. Any unnecessary or obsolete markings on the containers must be remov- 
ed from them, 


DOCUMENTATION. A shipping document, which is a list of the contents of 
each package bearing a unit mark, is prepared in six (6) copies by the medical sup- 
ply section. The first copy is placed inside the chest or package and the second copy 
is fastened to the outside. These will indicate exactly what is in each chest or pack- 
age. The rest of the copies are used by medical supply and the transportation officer, 
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REQUISITIONING AND RE-SUPPLY 


This is performed at your home base and in forward areas. Although you have 
sufficient supplies to last you for a specified period, you may be required to obtain 
more, or replenish items in case you remain longer in the area, meet unexpected 
situations or build up to a tactical hospital status. . 


FORWARD BASES. Arrangements are generally made for a forward base to 
supply your needs so that your supplies may remain intact. On arrival at a forward 
base, personnel responsible for drawing medical supplies contact the base medical 
supply and learn the base's procedures. The forward base will assign acost account 
code and supply account numbers which you will use on your issue slips. 


You will not have any particular dealings with this forward supply. -You will 
operate through your Medical Materiel Supervisor who is assigned to your unit. He 
is responsible for obtaining the equipment and supplies. He will keep a ledger on all 
items consumed or worn out and use it as a basis for re-supply. He will keep track 
of all non-expendable equipment on AF Form 1120 and, generally, he is the person 
who has signed receiving documents for the infirmary. 


In cases where you have used your own supplies, you will be supplied by air- 
craft. 


HOME BASE, The return of your unit to your home base will require replen- 
ishing items that have been used. Your report to the medical materiel supervisor on 
the items consumed is again the basis of re-supply. Before you are relieved, you 
must inventory your supplies and equipment, inspect the equipment for serviceability 
and replace any worn out or damaged equipment, and resupply the chests and pack- 
ages so they are ready to go again on a moment's notice, The materiel supervisor 
will transfer property responsibility of the equipment and the mission is finished. 


IMPORTANT MATERIEL PRINCIPLES 


There are some very important principles which you must keep in mind per- 
taining to your supplies and equipment. You will share the responsibility of applying 
these principles with your medical supply and commander. 


@ Assure that authorized items of materiel are on hand, serviceable and 
packaged. 


@ Assure that all of your items and assemblies have proper markings and 
are easily identified. 


@ Review your materiel constantly so that it is the best available to meet 
the purpose. 


@ Assure yourself that you understand the mission and are familiar with 
the materiel you are authorized. 


@ Assure that you are familiar with the principles of AFR 67-10, "'Respon- 
sibility for Public Property in Possession of the Air Force", 
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FIELD CONDITIONS AND OPERATIONS 


Experience is a prompt teacher. An airman will learn many new and probably 
unforeseen things. The most dangerous thing an airmancan do is to remain unadapt- 
able to field conditions and operations. Your mind must be constantly alert and your 
eyes wide open. There is going to be many situations which you cannot handle ina 
"State-side manner". Ingenuity and ability to do the best you possibly can with what 
you have is the criteria for the radiology airman in the field, 


ASSEMBLING AND DISASSEMBLING YOUR MACHINE 


You will be using the USAF Picker Portable, 15 MA machine.- Instructions for 
the erection and tearing down of this equipment are included in each chest. The in- 
structions will be printed on the lids of the containers. You will need notools. The 
equipment is designed to be erected or dismantled in a short period of time and with 
a minimum of personnel. All of the cables and connections are coded and arranged 
so that the female and male connections make it impossible for you to plug in the 
wrong cable. 


Each piece of the equipment is marked with letters or the name of the piece so 
that you cannot make mistakes if you read your instructions carefully. Within each 
unit will be an operations manual which you will use to calibrate your control and tube 
unit. 


AREAS OF CAUTION. Electrical connections should never be made until the 
unit is completely assembled. The X-ray tubehead should be placed on the tube col- 
umn at an easily-reached level. Make sure that the horizontal arm is locked down 
tight. Check to see that you have a power supply of at least 110 volt, 50-60 AC cycle 
and a separate line to your control. Use care in protecting locking pins and latches. 
When these are bent or broken the unit cannot be fastened properly and damage may 
occur in transporting the chests. Place the fluoroscopic screen in an area where it 
cannot be stepped on when assembling the unit. This same caution is necessary for 
the bucky. 


DARKROOM EQUIPMENT 


The darkroom equipment is contained in two separate packages, One package 
is a chest in whichyou will find the supports, and the other is a barracks bag in which 
the tent is found. The instructions for assembling are provided in the topof the chest. 


The tent is rubberized and lightproof, but it may tear or rub until a leak is pre- 
sent. A kit is provided for repairing leaks. Ventilation for the tent is provided in 
some instances with fans or a regular vent exhaust. 


Your darkroom technique must be modified to fit the climate or geographical 
area. In the deserts you must be watchful for blowing contaminants, whipping winds, 
etc. In tropical regions your solutions will become infected with rapidly multiplying 
algae, and these plants must be removed from the top of your solutions. Algae are 
also a nuisance in the tanks, and the sides and bottom must be cleaned with sand or 
a hard brush to keep algae from affecting your films. You must attempt to maintain 
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the necessary temperature control. You may control the solution temperature by 
using available ice, nearby streams, or improvised circulation systems. The tem- 
perature in artic regions and during the winter in temperate climes provides another 
source of trouble. Solutions will not developat too lowa temperature, so some means 
of warming them will be necessary. A metal pan can be used in which hot coals may 
be placed beneath the tanks. If the temperature is raised sufficiently to develop, re- 
move the pan. 


You will not always be placed in areas which require you to fight the elements. 
Many of your facilities will consist of captured, temporary or permanent shelters 
but you will have to devise for yourself many of the items you wish to add to those in 
your issue. Water, temperature control and drying will constitute your three major 
areas of inconvenience. You can add organisms and dust to these in some areas. 


PROTECTION 


Electrical and radiation protection is still essential. However, you will not 
always be provided the extensive facilities you have in your hospital. In arranging 
your equipment you must see that your machine faces to the outside of the infirmary 
area. A good degree of protectionis provided if you observe the principles of distance 
and wear your apron. Limit the beam with cones and use your creativeness for fur- 
ther protection. Asod imbankment dug from the surrounding area can provide a make- 
shift barrier. Your electrical protectionis tomake certain that your lines and equip- 
ment are properly grounded. Check your cables for breaks or worn insulation each 
time you return from acombat area. Make sure that you have proper drainage around 
your tent so that the tent area remains dry. 


POWER SOURCES 


Generation of sufficient power to maintain your unit will be one of your major 
problems. Although most of the equipment is built to sustain your requirements, gas 
generators are rather unstable devices. You may be supplied with a unit which pro- 
vides power for all the electrical devices in the infirmary. You may be stationed on 
a forward base where diesel units generate adequate power. Small, individual gas 
generators are also used, These will require care so that they do not become over- 
loaded. If you find that your power is inadequate, check to see if you have a separate 
lead or if other users have overloaded your line. You will find an overloaded line 
more frequently when one unit supplies the entire infirmary. A medical repairman 
is usually a part of your team so these things may be referred to him. Operation 
instructions are printed directly on all of the small generator units. 


OTHER DUTIES 


You will receive varied duties in the field. Your AFSC will not be limited to 
the X-ray duties. You may even be given some collateral training in another spe- 
cialty so that your unit will be able to shift you in case of emergency. You will be 
helping throughout the entire unit in setting it up and assisting other technicians in 
their duties when you are not needed in your section. You will be required to care 
for patients, load or unload ambulances or carry litters. Everyone will use the assis- 
tance of others in caring for patients. Your unit will be a team and you will be an 
important member. 
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All of the men in the unit if needed, will help in pitching tents. Army Field 
Manual 20-15 outlines the procedure for most any type of tent which the Air Force 
will use in the field. This manual should be procured from your publications section 
in medical supply. 


Field sanitation is as essential for you as for any other unit in the field. Army 
Field Manual 21-10 is aguide to the various structures and procedures needed to pro- 
vide proper field sanitation within your unit. As part of a medical team you are ex- 
pected to maintain your area as expertly as possible. Observance of proper personal 
hygiene, water discipline, waste disposal and use of proper protective measures 
against communicable diseases necessitates a great deal of personal self-discipline, 
In enemy or foreign country you will be subject to a variety of diseases if you do not 
take proper care of yourself. It is a rather surprising fact to know that there will be 
a far higher rate of disease and ordinary injury incurred within the unit than from 
combat injuries. You will not be able to care for others unless you learn to care for 
yourself, 


Because you will be required to assist in other areas besides X-ray, you will 
find that a review of your basic first aid will be useful. Air Force Manual 160-24 
should be available in quantity in your hospital. Study this manual again so that you 
become familiar with the proper techniques. Take an active interest in your unit 
training programs so that you will know what to do when the time comes for you to 
use your knowledge. 


COMBAT CONDITIONS 


Your future enemies are not steeped in the ethics of humanity to man. When 
you are in a combat zone, you are subject to dangers just as the fighting units are. 
You will need to keep this in mind, An X-ray machine under a hospital cross may 
provide you with little protection in case of attack. Anything can happen in war and 
you have to accept this fact. 


As a member of the medical service, your fir st duty is to your patients. You 
will keep this uppermost in your mind, Panic and fear must be kept under control. 
You must listen with care and be thoroughly familiar with procedures you will use in 
case of attack. You must learn to evacuate patients quickly from exposed areas into 
areas devised to protect them. 


There are no means available to let you feel the terrifying fear and confusion 
you will experience in your first combat situation. This fear and confusion has come 
to each and every man who has been confronted with hot metal and exploding death. 
However, when a man realizes that this fear and confusion will be present, he can 
control it so that it will not smother his actions. Each succeeding experience will 
provide him with the courage and strength he must have. Creationof a deep and sin- 
cere belief in his duty to his patients has helped many a medic. Your patients will 
be looking to you for care and protection. Youmust give them this security by handl- 
ing them swiftly, quietly and calmly. Helpless bodies and minds will reach out to you 
and you must be there for them to touch. 


Capture of any member in a forward area is a possibility. Techniques of enemy 
prisoner practice are well published. Careof your patients will still be your duty even 
if you are captured, You must never give up attempts tocare for them as much as is 
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physically possible. Indoctrinate your self thoroughly with the Code of Conduct so you 
bind yourself to your patients and them to each other. Spirit breeds spirit. Apathy 
breeds destruction. A medical man, in the field, X-ray technician or otherwise, 
must be a man others look to for care and security under any condition. Use what- 
ever knowledge you possess to provide this care and security. 


SUMMARY 


You have read about the future possibilities of atomic warfare and know what 
your responsibilities are. You know now how the medical service supports the field 
by using the building block and dual utilization principles. You recognize that the 36- 
Bed Airborne Infirmary is your basic unit and how it can be increased, with the aid 
of squadron elements and a headquarters element, into a tactical hospital of 50, 100, 
or 150 beds. 


You know the types of forward bases you will operate from and how each is sur- 
veyed prior tomoving a medical unit to it. You have aconcept of how you will operate 
in the field from the list of equipment and supplies. It shows you only that material 
which is considered to be essential and air transportable. You know that temporary 
supply changes are affected by the mission and that these changes are made at unit 
level. Supply preparedness is clear to you because you know each item is checked 
for freshness and serviceability. You know the procedures to be used in re-supply- 
ing your unit and the preparation of each chest immediately upon return from a mis- 
sion. You know how each chest is packed, marked and documented so you know what 
each one contains. 


Instructions are readily available for the erectionand dismantling of your equip- 
ment in each chest. You know some of the areas of which you must take care, such 
as using the proper line voltage and current, etc. Ideas on how tocare for your dark- 
room equipment and procedures to be followed are now in your mind. You are aware 
of the types of protection that are available. Power sources are available in many 
forms and you are familiar with the various types you will use and some of the pro- 
blems encountered. 


You should also realize the necessity for working as a part of a team and the 
duties involved. You realize the importance of caring for your patients in combat 
conditions in such a manner that they know you are there helping and encouraging 
them. 


STOCK NO. 

6515-612-0000 
6525-299-8594 
6525-600-7900 


6525 -600-9000 
6525-601-0000 
6525-601-1000 
6525-601-2124 


6525-601-3680 


6525-601-5010 


6525-601-5015 
6525-601-7015 
6525-601-8015 
6525-601-9015 
6525-603-1760 
6525-603-1765 
6525-603-1775 


6525-603-1795 


EQUIPMENT COMPONENT LIST (ECL) 20-90-28 


NOMENCLATURE 

Pencil, Skin Marking 
Hood, Fluoroscopic Screen 
Caliper, X-ray Technique 


Cassette, Radiographic 
Film, 8 x 10 inches 


Cassette, Radiographic 
Film, 10 x 12 inches 


Cassette, Radiographic 
Film, 14x 17 inches 


Chest, X-ray Film Pro- 
tective, 1/32 inch head lining 


Control Unit and Tube Trans- 
former Head, X-ray Apparatus, 
15 MA, 110-220 volt, 50-60 
cycle, AC 


Film Dental, Radiographic, 
Fast Emulsion, 1-1/4 by 
1-5/8 inches, 144's 


Adapter, Dental X-ray Film 
Bitewing, 100's 


Film, Radiographic, Ultrafast 
Emulsion, 8 x 10 inches, 75's 


Film, Radiographic, Ultrafast 
Emulsion, 10 x 12 inches 


Film, Radiographic, Ultrafast 
Emulsion, 14 x 17 inches 


Hanger, Film X-ray, Processing 
8 x 19 inches 


Hanger, Film X-ray, Processing 
10 x 12 inches 


Hanger, X-ray Film, Processing 
14 x 17 inches 


Hanger, X-ray Film, Processing 
Dental 
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QUANTITY 
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STOCK NO. 


6525-603-2425 


6525-603-3000 


6525-603-4000 


6525-603-4300 


6525-604-000 


6525-604-2150 


6525-604-2155 


6525-604-7925 


6525-608-0620 


6525-611-1225 


6525-612-1710 


6525-612-1880 


6525-615-8100 


6525-616-9250 


6530-299-8304 


6545-914-3470 


NOMENCLATURE 


Holder Set, Dental Radiographic 
Film Exposure, Bitewing Type 


Set of two 


Holder, Radiographic Film 
Exposure, 8 x 10 inches 


Holder, Radiographic Film 
Exposure, 10 x 12 inches 


Holder, Dental Radiographic 
Film Exposure, 10's 


Dluminator, X-ray Film, Fluorescent 
110-volt, 60-cycle, AC 


Tank, Insert, X-ray Film, Pro- 
cessing, Corrosion-Resisting 


Steel, 5-gal. 


Tank, Insert, X-ray Film, Pro- 
cessing, Corrosion-Resisting 


Steel, 10-gal. 


Letter Set, X-ray Film Marking, 


Lead, R and L 


Marker Set, X-ray Film Identi- 


fication 


Numeral Set, X-ray Film 
Marking, Lead, 0 to 9 


Developer, X-ray Film Pro- 
cessing, Rapid Speed, Powder, 


qs. 1 gal. 


Fixer, X-ray Film Processing, 
Powder, qs. 1 gal. 


Table, Field X-ray Apparatus 


Tube Stand Unit, Medical X-ray 
Apparatus, Mobile-Portable 


Tank, Clinical Solution, Rectangular, 
18 x 10 x 5 inches 


Chest, Medical Instrument and Supply 
Set Field, No. 2, 30x 18 x 6, Empty 


QUANTITY 


10 


10 





STOCK NO. 


6545-914-3480 


6545-959-6800 


6545-959-6860 
6656-418-2000 


6740-299-8495 


7510-612-4000 


7510-612-7500 
8405-715-0450 
8415-600-2000 


8415-603-0011 


8415-603-0012 


8465-603-0990 


9535-604-7000 


NOMENCLATURE 


Chest, Medical Instrument and 
Supply Set Field, No. 3, 30x 18 
x 10 inches, Empty 


Darkroom, X-ray Portable, Tent 
Type, Field 


Repair Set, X-ray Darkroom, Tent 
Timer, Interval Clock 


Safelight, Darkroom, Photographic 
Wall, 110-V, 60-cycle, AC 


Envelope, Photographic Nega- 
tive, 14-1/2 x 17-1/2 inches, 100's 


Ruler, Plastic, Transparent, 18 inch 
Apron, Laboratory, Plastic 
Apron, X-ray, Protective 


Glove, X-ray, Protective, 
Leather, Left Hand 


Glove, X-ray, Protective, 
Leather, Right Hand 


Goggles, Industrial, 
Darkness, Adaption 


Lead Sheet, 1/16 x 36 inches 
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QUANTITY 


14-14 


AOVWUVHd 
_ ~AUOLVUOEVT aNv 
IN@ZILVdLNo 
CUVA TVOIGIN aquva TVOIDuns AWaADUNS AVUu-x 


ATddns ae ee aL a 
ele S40.LVEENED reve 








SNOLLIGNOD GTA UAANN TWLIGSOH TVOILOVL 10 LNAWADNVUTV 





X-RAY MACHINE 





AUXILIARY EQUIPMENT 
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10, 
ll. 
12. 
13. 
14, 
15. 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


23. 


QUESTIONS AND PROJECTS 
Why is it so important that a Radiology Airman know how to operate in the 
field? 
What other calamities besides warfare should a Radiology Airman prepare for? 
What is field medical support? 
What three characteristics should a field unit possess? 
What is the building block and dual utilization principle? 
Explain what a squadron element is. 
Explain what a headquarters element is. 
Explain what a 36-Bed Airborne Infirmary is. 
How are 50, 100, 150-bed tactical hospitals created? 
What determines the size of medical unit to be used? 
What information is sought in a survey of a forward base? 
What are three types of forward bases? 
What is ECL 20-90-28? What is UME? What is UEE? 
What machine is used for field medical units? 
What does the term B-12 mean to you? 


What responsibilities does a Radiology Airman have in storing his X-ray 
equipment at a fixed hospital ? 


How do you get new supplies at a forward base? 


What do you do about your supplies and equipment when you return from a 
mission? 


Where do you find instructions for assembling and disassembling your X-ray 
machine ? 


What are some of the things you have to be careful of in setting up your unit? 
What methods could you devise for drying your films in the field? 
What type of problems would you encounter in the desert? 


What type of problems would you encounter in the sub-zero regions ? 


24, 
25. 
26. 
27. 
28. 


29. 


5. 
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What type of problems would you meet in the tropics? 

How would you protect yourself in the field? 

What reference can you use in learning how to pitch a tent? 
Why should you review your first aid procedure? 

Explain what your duty is in a combat situation ? 


Why does a Radiology Airman need to develop a wider knowledge of other 
medical career fields and procedures? 


WORK PROBLEMS 


Go to supply and check on your field equipment. If you have a field unit, take 
it outside and assemble and disassemble it so you can do it in 15-30 minutes. 


Sit down and visualize a tactical problem. Think of all the things that could 
possibly happen. Write these down. Go over your list and see what you would 
or could possibly do in each situation. | 


See if you can locate men who have had combat experience, either as a part of 
a fighting unit or as a field medical man. Evaluate what they say against 
equipment and methods you know about today. Project their thinking into an 
atomic attack. Determine if anything they said could be effective action for 
you or your equipment. 


Read FM 20-15, 21-10 and AFM 160-24. 


If you do not have a field training program, set up a mock alert. Make a list 
of things you think you would need. See how long it would take you to get 
everything together and packed. If this suggestion frustrates you, check into 
your field training program and see what is set up for your section. 


APPENDIX 


HOW TO CONDUCT ON-THE-JOB TRAINING 


RESPONSIBILITIES 


On-The-Job Training is the specific responsibility of the supervisor of the ra- 
diology airman. This is clearly defined in the Job Descriptions in AFM 35-1. The 
commander, the squadron training officer and the officer in charge of the radiology 
airman must see that training is properly carried out and reported in such a way that 
the airman receives full credit for training completed. 


PLANNING THE PROGRAM 


The supervisor must carry out a good training program if he is to have a ver- 
satile section capable of achieving its mission and performing effectively in emer- 
gencies. He must know the characteristics of a good OJT program and the step by 
step procedures for putting it into effect. 


A good OJT program has certain well-defined features. Each person in the sec- 
tion knows his responsibilities. The airman is assisted to develop motivation. The 
program is carefully planned and integrated into the daily operation of the section. 
Teaching methods of proven effectiveness are used. Up-to-date study materials are 
given to the student. Testing is carried out with written tests and practical exercises 
in which the airman has a chance to show that he cancorrectly perform required pro- 
cedures, Prominent progress charts are posted and training records maintained. 
Training is reported to the squadron OJT officer. A follow-up of training reports is 
made to insure that the airman and the section get credit due them for their training 
efforts. Finally, and of greatest importance, the airman is required to apply his 
learning in the daily work of the section, and is permitted to help solve the problems 
arising in the daily operations. 


STEPS IN PLANNING 


With the above scope in mind, the OJT supervisor can proceed to the planning 
phase of this training program. This you do in the following steps: 


1, Read, first of all, the following section on motivation. This will give you 
a general idea of how the OJT program can be made dynamic. Thencare- 
fully read Chapter I of the text, Radiology. 


2. Carefully look over the other chapters of the text. You will find ample 


lesson material, presented in such a way that it can be integrated into the 
work of the section. 


3. Your next step will be to outline the lessons to be taught. This is done by 
developing AF Form 623, ''Formal On-The-Job Training Record" as des- 
cribed in the section on Records and Reports of this Appendix. Ask your 
squadron training officer for administrative forms and required reports. 
Air Force Regulation 52-2 statesthat Form 623 maybe kept in your office. 


4. Next you should study the section on training methods and principles in 
this Appendix. Determine the methods that you can use for the various 
procedures and facts which you must teach. Have these well enough in 
mind so that you can apply them singly or in combination to any teaching 
situation. This gives you the versatility to develop real student learning 
in any operational-training situation. 


5. Prepare lesson plans as discussed in the following sections. A lesson 
plan is your plan of what to teach, how to teach it, and how to develop 
practical application of the material. 


6. Review the study questions and projects at the end of each chapter. Use 
all the written questions for your paper and pencil tests. Select suitable 
projects that permit the airman to show his mastery of the required skills 
and knowledge. 


7. Read the section in this Appendix ontraining materials, decide which train- 
ing aids you need, and place requisitions with your publications section or 
supply officer. You are now ready to start training. 


@ Follow your lesson plancarefully and make assignments a week or two 
in advance. 


@ Make assignments from this text. 
@ Assign practical work and insist on applications of learning. 


_ This text is designed to give the students their lessons in "functional order." 
This means that the text follows the same order as the work assigned to airmen during 
the first months of his duty inyour section. However, some of the procedures in this 
text may not be applicable to your particular clinic due to the lack of equipment or 
because you do not perform some of the listed procedures. Analyze the basic functions 
of your section and concentrate on those areas first. Then expand your airman into 
the other phases which he will encounter at stations other than yours. 


MOTIVATION 


Few OJT programs are successful unless the airman who is being trained as- 
sumes a large share of the responsibility for the success of the program. He must 
definitely want to learn. He must be able to see an advantage to himself in learning, 
and he must gain satisfaction in applying what he has learned. While some airmen 


can never be motivated, the average American develops a high motivation if properly 
handled. If you will observe the various offices around the medical installation, you 
will note that motivation is uniformly high or uniformly low. Enthusiasm is caught, 
not taught, so be enthusiastic about your subject and you will observe the same enthu- 
siasm being generated inyour student. Here are some reliable procedures for creat- 
ing motivation. 


ORIENTATION 


There are two types of training orientation - career orientation and orientation 
in the section and on-the-job. Chapter 1 lists the items that must be covered in ca- 
reer and joborientation. These should be reviewed by the supervisor and his orienta - 
tion lesson should be carried out soon after the arrival of new airmen in the section. 


The airman must understand his place in the radiology section, and his position 
in relation to his fellow workers. He must understand how the radiology section fits 
into the hospital or other medical unit, and the relationship of his organization to the 
Wing and Base. He must know his hospital is related to the Medical Service asa 
whole, and where it fits into his concept of a fighting Air Force. When he has this 
over-all picture, he must be shown how his growth of knowledge and skills definitely 
helps his organization. The airman must be made to feel that he isan important part 
of the outfit. Show him how it is to his advantage to learn the radiology field, both 
from a military career standpoint and after retirement as a civilian. Most younger 
airmen are proud and anxious to be doing something for their country, so you must 
show them clearly that their success on the job is a real service to their nation. 


JOB STANDARDS ORIENTATION 


If you want a man to learn quickly, give him the over-all picture. Don't keep 
him guessing by parcelling out details. He deserves to know just what he is expected 
to learn and in what techniques he is supposed to become skilled. 


In Chapter 1, the Job Standards do precisely this. They not only outline the 
major areas of learning, but they also tell just what should be learned in these areas. 
They state the degree of training that the apprentice, the specialist and the technician 
must attain, They form the blueprint or lesson plan for the OJT course. They in- 
sure complete coverage and provide checks against wasting training time on unim- 
portant topics. After you have given a man his orientation and, using job standards, 
have told him what he is to learn, the next step is to organize his job in such a way 
that learning is possible. This may have some effect on the organization of your sec- 
tion. 


ORGANIZING FOR MOTIVATION 


We cannot separate learning from the operations of any section. A bad opera- 
tional situation is a bad training situation, and vice versa. The way that the super- 
visor organizes and operates his section markedly affects his training program. 
There are many types of supervisors. We will consider four of them, from worst to 
best. TYPE 4 develops his working conditions that give the greatest motivation for 
on-the-job learning. 


@ Type 1 - This type is the dictator who says, "You are not here to think; you 
are here to work". This dictator tries to do the thinking for everybody and 
tries to do everything but the most drudging details himself. He does not 
realize that strong, continual "bawling out" creates fear in people to the ex- 
tent that careful, thorough thinking is impossible. People near panic, peo- 
ple who are continually smoldering with anger, act emotionally. Acting emo- 
tionally means acting on impulse rather than carefully thinking through a situ- 
ation. It means the tendency to jump to quick and often stupid conclusions. 
This strong dictator typeis trying to prove he is the only one who knows any- 
thing, and that everybody else is stupid. Are your subordinates so fearful 
of you, or so full of hatred for you that they think with confusion ?. If'so, you 
can expect little learning. Clear, calm thinking and learning must go hand 
inhand. Personnel who work for TYPE lare but little more than errand boys. 


@ Type 2 - Type 2 trains his personnel to do one job or skill. Their perform- 
ance of duty is similar to the production line. The work they do has little or 
no meaning tothem. These sections have low morale, and when an unusual 
situation arises in the absence of key personnel, the workers are unprepared 
to act with versatility. 


@ Type 3 - This supervisor allows his personnel considerable chance to think 
and make decisions in their special areaof work. Morale is fairly good here 
and the workers are fairly happy, without showing much enthusiasm. Most 
of the workers do not know much except in their own job area. Because of 
lack of versatility, this section can be hurt very badly in combat conditions, 
or if thereis a large withdrawal of key personnel for emergency troopmove- 
ments, or in case there is a sudden change of mission. 


@ Type 4 - This supervisor realizes that his section must be versatile; he 
thoroughly orients all personnel on the mission of his section and the work 
of everyone in the section. He rotates his personnel through as many jobs 
as possible so that he may be two or three deep in each position. He takes 
emergencies and changes of mission in stride. He usually is combat ready. 
He delegates responsibility and along with it the authority to carry out any 
responsibility he delegates. He trains personnel, not justto doa few limited 
procedures, but also how to solve the problems faced by the section. He in- 
sists they participate actively in the problems faced in the daily operation of 
the section. He considers his personnel as individuals, each with the poten- 
tial for handling most situations that arise in the section. He gives credit 
where credit is due anduses the axiom that "nothing succeeds like sifccess", 
rather than holding threats over people for not doing this job. The morale 
of his section is high. His people accept guidance and correction without 
losing initiative. Here you find good problem solving, rapid learning, and 
even creative thinking. His airmen want to learnandare in a situation where 
learning conditions are at their best. The worker doesn't have to be told he 
is important to the mission - he knows he js! 


If the supervisor is to best organize for work and learning, he must be the TYPE 
4 Supervisor. OJT fits perfectly in such a situation but it is difficult to organize cor- 
rectly for effective work and learning under the supervision described in TYPES 1, Z, 
and 3. 


TRAINING MATERIALS 


On-The-Job training has three distinct advantages over school training. First, 
the trainee receives more individual attention from his supervisor; secondly, he has 
much more opportunity to apply what he is learning; and third, there is usually more 
equipment available per trainee for applicatory work, However, formal schools usu- 
ally have more experienced teachers, written material, training aids, films, etc. Air 
Force field medical schools prepare handouts for their students. These handouts are 
not usually given to units in the field since they are merely working supplements to 
the formal lectures and are not suitable for general distribution. Requests for sup- 
plementary medical materials should not be directed to these schools, but should be 
sent forward through regular military channels. 


WRITTEN TEXT MATERIAL 


In preparing this OJT manual, most of the books and publications of key import- 
ance in the radiology field were studied. From them were extracted the essential 
learning materials that the trainee should know. The supervisor who uses this manual 
will not find it necessary to spend his time assembling writtenmaterials for this train- 
ing program, The text material in the OJT manuals, plus standard publications, regu- 
lations and standard forms found in every radiology section should satisfy the require- 
ment for written material. i; 


FILMS 


A small number of films on cadioineye are available through commercial sources. 
There are, however, a large number of films on other basic elements such as physics, 
anatomy, nursing, etc. which can be used to supplement these areas, Films may be 
quickly obtained from audio-visual depots, and service is usually excellent. Wing 
training officers usually have projectors to loan. Study the film catalog, determine 
the time requirements, and place your order as far as possible in advance, It is em- 
phasized that a film should be used as a teaching instrument. The student should be 
required to look for specific items in the film. After the film has been shown, a dis- 
cussion of its lesson should be carried out. All films should be previewed by the 
supervisor since the applicability of the film cannot always be determined by its title 
or the abstract description carried in the catalog. 


TRAINING AIDS 


One major problem encountered by the OJT supervisor is to find specific tech- 
niques within his own section that he can use to graphically illustrate to his trainees 
the various principles, techniques and procedures he wants them tolearn. Witha 
little ingenuity and creative imagination, each clinic can provide ideal and handy train- 
ing situations that can be very interesting and useful. Some of|these experiments and 
projects have been included in the text. There are many more that can be used from 
the resources available in your clinic, hospital or base. You cannot rely entirely 
upon this text for complete explanation of all techniques and principles. No manual 
can provide the thousands of minute facts and techniques that you know at this moment. 
These have been gained by you from your day to day experience. 


You may often approach your training hours with the question, "What can I use 
to demonstrate this principle?" Let's look at your clinic and see what you have on 
hand in your clinic or near by on the base that you can use, 


EQUIPMENT. Each piece of equipment in your section is used to obtain specific 
results. This equipment is on hand where it can be handled and operated. These in- 
clude your machines, cassettes, filters, calipers, electric mixers, hypodermic needles 
and syringes, spot-film devices, cassette changers, darkroom dryers, tanks, timers, 
thermometers, portable machines, photofluorographic machines, body section devices, 
pelvimetry devices and hundreds of others. Using demonstration, application, and 
testing you can easily train your man to operateand use each piece of equipment pro- 


perly. 


PRINCIPLES. The principles of electricity, magnetism, anode-heel effect, 
FFD, part-film distance, part thickness, secondary radiation, contrast, density, 
distortion, film artifacts, chemical and light fog, pathological conditions as they ef- 
fect technique, anatomy, physiology and positioning require a great deal of thought to 
teach. What is there available that you can use to illustrate these principles? Your 
base electrical shop has many devices you can borrow. Switches, wire, batteries, 
plugs, meters, and other equipment can be obtained from them. You can use a piece 
of broom handle to demonstrate the solenoid by wrapping-a wire around it. Use acoat 
hanger bent into the shape of the armature and placed between two books to show how 
the various generators work. Go to the motor pool for an old generator touse in ex- 
plaining a direct current generator. 


To demonstrate the various factors of radiographic technique, use your film 
andmachines. Develop experiments for focal-film distance by placing an object under 
the tube and taking the film at various heights. Show a chest film taken at 30 inches 
and one taken at 72 inches. Use a step wedge to demonstrate the penetration of KVP 
at various values; take a film and block it off and then use various thicknesses of 
filtration to show what effect it produces on the beam. Do the same thing for density 
but change exposure times or MA. To show the effect of a grid on the film, place an 
old intensifying screen close to the side of the tube so the student can actually see the 
beam coming from the port. Elevate the grid with blocksand place another old screen 
beneath it on the table top. The trainee will be able to see the tube above and the 
screen below at the same time. For this demonstration, a low technique is best so 
that enough time can be used to be effective. Move the tube about at different angles 
over the grid to show cut-off, ratio and radius. 


Distortion is easily demonstrated by letting the student take one film perpen- 
dicular and the others angled at various degrees of tube angulation. Let him take one 
film and identify one structure. Then have him try to identify the same structure in 
the other radiographs. This will show him how the beam distorts, and give him some 
concept of its geometric pattern. You can demonstrate part-film distance with the 
intensifying screen or with film. Place the object at different heights in the beam so 
that the screen outlines its shape, or suspend an object above a film at various heights 
and let him take films of it. Place them together on the view box so he can see the 
range of magnification and loss of detail. 


Use your film files to show poor positioning, to teach radiographic anatomy, 
to illustrate pathological conditions and fractures, and to show how media outlines 
the various systems. To give the student some insight to technique variances re- 
quired from pathology, fill a water bottle or balloon with air and have him make an 


7 


exposure, Then have him fill the bottle with water to see that the film gives a heavier 
density. Another film of the water with a low ratio barium mixture will show a con- 
cept of heavier deposits in a liquid medium. 


Administration can be taught by allowing the student to fill out the various forms 
until he can do it correctly. A good way to get him to understand the procedure for 
rmaking reports or for ordering supplies is to trace him through the procedure a few 
times and then have him write an SOP on the steps required. Review of the SOP will 
show various omissions or errors. You can correct these with the airman and have 
him write it again until he has it correct. This same technique is useful in intensi- 
fying his knowledge of certain special examinations you can do in your clinic. 


He can learn the various nursing procedures by visiting the wards, and the out- 
patient section, and will gain experience in the operating room by accompanying more 
experienced technicians, When you lack certain equipment that he may need to know 
about at other stations, check.around your area for civilian hospitals which may have 
such equipment and arrange for a visit with them. 


As you can see, you have a classroom that cannot be duplicated in a formal 
school, Your patients give the trainee first hand knowledge of patient conditions and 
reactions to the procedures and techniques used in your clinic. Look closely at your 
clinic and let your imagination produce the thousands of teaching aids that will enable 
your men to know their jobs intimately. 


TRAINING METHODS AND PRINCIPLES 


TEACHING PRINCIPLES 


Before about 1885, students spent their time memorizing such things as Caesar 
and dainty French sonnets. Memorization was the chief learning method and lecture 
the principal method of teaching. Then the school teachers began giving follow-up 
tests a few months after work of the course was completed. To their amazement, 
these teachers found that their students were retaining only about ten per cent of 
memorized material. With only ten per cent retention, we might say that ninety per 
cent of all time, money, and effort expended on education was utterly wasted. 


At about the same time that this education awakening was taking place, practi- 
cal business men and employers in industry began to demand and were successful in 
getting the schools to teach more realistic subjects. So, as the students began study- 
ing and applying such subjects as mathematics, science and accounting, they became 
more enthusiastic about their studies. They actually liked school and began to take 
upon themselves a great deal of the responsibility for their own learning. In short, 
they became highly motivated, since they could see real value to their learning. These 
facts in education psychology are very important to you as a supervisor. Now let us 
study teaching methods, keeping the above facts in mind. Suppose you are teaching 
trainees in the function and repair of a carburetor, Let us review five of the teach- 
ing methods that could be used: 





TEACHING METHODS 


1, Memorization with understanding: With this method you would make the 
student memorize the 57 parts of the standard carburetor. Learning by 
this method is slow; retention is very weakand the value of the procedure 
to the trainee is very small. 


2. Lecturing. You could lecture to the student about a carburetor and the 
function of each of those parts. MLecturing usually results in very poor 
retention and understanding, since most lecturers use words that are too 
large for the students, use much too long and complicated sentences for 
comprehension, and frequently talk too rapidly to permit understanding 
of difficult materials. 


3. Demonstration, explanation and testing. You could demonstrate and teach 


him the over-all function of a carburetor and the relationship of each part 
to the whole function of the carburetor. You would then test carefully to 
see that the student understands. This method is markedly better than 
the first two, and results in an increased learning rate and fair retention. 


4. Demonstration, explanation, te sting and practical application. After teach- 


ing by method No. 3 above, you could give the student an opportunity to 
use a carburetor, manipulate it, repair it, and rebuild it. In this step 
you would also require him to demonstrate how it was used and how to 
maintain it in working order. This method results in excellent learning 
and good retention. It is an excellent method for teaching skills and know- 
ledge. 


5. Learning and then teaching. The procedure consists of first teaching by 
method No. 4 above, then requiring the student to teach others what he 
has learned. With this method we can expect long retention of the know- 
ledge and the skills so learned. 


An intelligent supervisor cannot help but observe that this last method is ideally 
suited to the OJT situation. Thus if OJT is properly conducted, it can be one of the 
most valuable educational procedures. Go through the following steps: 

I. Explanations 3. Application 
2. Demonstrations 4. Testing 
5. Coach and Pupil method 


In OJT situations these steps may be spread over a considerable period of time. 


COACH-AND-PUPIL METHOD 


In the coach-and-pupil method, one student becomes the teacher, the other the 
pupil. Lessons or skills are taught by explanation, demonstration, and application. 
Then the roles are reversed and the procedure repeated until each can teach and de- 
monstrate the required knowledge and skills. It goes without saying that this method 
can only be carried out after the students have been taught or thoroughly studied the 
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subject matter prior to the use of the coach-and-pupil method. The coach and pupil 
method can also be used for evaluation and practical testing. Other training methods 
which prove profitable are: 


1. Use of training films preceded by detailed explanation of what to look for, 
and followed by group discussion. 


2. Group discussion of the solution to problemsas they arise in daily opera- 
tions, 


3. Assignment of project reports, whereby a student researches some topic, 
writes it up and reports to his section. 


4. Field trips to observe other units performing functions of which the stu- 
dent should be aware or learn. 


5. Research and then write report on assigned references. 


6. "Over-the-shoulder techniques" wherein an experienced airman looks 
over the shoulder of the student performing a procedure or duty and lis- 
tens to an explanation of the work: He then gives corrective suggestions. 


7. Teaching, wherein a lower level airman is assigned as a pupil of a more 
advanced student. 


TRAINING OUTLINE 


The Job Standards listed in Chapter 1, when placed in chart form on AF Form 
623, provide excellent training outlines for the On-the-Job trainee. In the section 
on Reports and Records, this procedure is described in detail. 


THE LESSON PLAN 


Lesson plans cover a plan of operation for teaching. They are developed from 
the Job Standards and must be fitted to the type of training needed and the abilities of 
the student on one hand, and the type of working experiences available in your section. 
on the other hand, 


In developing lesson plans you work from the completed job standards, Each 
lesson plan should include certain key parts as indicated below. 


1. OBJECTIVE. Skills or knowledge taken directly from the Job Standard. 


2. TEACHING METHOD. Method or combination of methods to be selected 
from those discussed in this Appendix. Also applicatory projects which 
are preferably a part of the daily work of the section. 


3. LEARNING METHODS, Study assignments inthis text, other reference 
reading and equipment used in application projects, films, etc. 


4. TEACHING PLAN, Tell the who, what, where, when, and how of the 
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lesson as it actually will be carried out. 


5. EVALUATION, Utilize test questions which are found at the end of each 
chapter and the applicatory projects for testing matters of procedure, 


TESTING 


A very wise Inspector General once said, "If a man works hard preparing for 
an inspection, he deserves a good inspection."' You, no doubt, remember many times 
when you have had your men prepare for the visit of some person of importance only 
to have the VIP walk by the section without a sideward glance, You, no doubt, lacked 
considerable enthusiasm the next time such a visit was forecast. 


If your students work hard preparing for an examination, they deserve a good 
one, 80 give them a chance to show how well they have done. Such success responses 
give high motivation to future learning. 


At the same time evaluation does other things: 


1. It tells how effective you are as a trainer and often indicates whether 
failure on a test is due to student failure or teacher failure. 


2. It indicates which areas need more attention. 


3. It forms a factual basis for your reports to go with your personal 
opinion, 


4. It gives the student a target at which to direct his efforts. 

5. It motivates the student to study hard. 

6. It gives you a point of desattre for the next phase of training. 
Following is a summary of the use of different kinds of examination questions: 


TRUE-FALSE. The average person can guess 50% of true-false questions 
by answering them all true or all false. They are good for review purposes 
but not valid for important examinations. 


MEMORY QUESTIONS. If a teacher gives memory questions he causes 
cramming, and, as we described earlier, cramming is very quickly for- 
gotten. 


ESSAY QUESTIONS. Good for survey - but do not try to compare one main 
essay question against another. Test experts have found that personal pre- 
judices of the test grader enter in so strongly that essay questions are dan- 
gerous to student success, You may penalize too heavily for small errors 
in content, English, spelling, etc. The student will spend his time trying 
to guess what you want. Few teachers can grade an essay test accurately, 
and inaccurate grading destroys student initiative. 


MULTIPLE CHOICE, The effectiveness of this type test depends on how 
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well they are written. Some are too easy to guess. Others have two or 
three correct answers. One type of multiple choice question is highly val- 
uable and is described below as situational questions. Generally, multiple 
choice questions can be made the most reliable and valid of any question. 


PRACTICAL TEST. The best test is not the one which tests isolated facts. 
The best evaluation is the one which tests the ability of the airman to use 
the learning and skills in a realistic problem-solving situation. 


SITUATIONAL TESTS. Ina situational test an individual is given a problem 
situation drawn from the actual operation of his section. To solve the pro- 
blem he must use the knowledge and skills he has been learning. This test 
answers the key question, "Is he learning anything of practical value to his 
daily work and for his career?" Normally this test (1) sets up a problem 
situation, (2) describes various solutions, labeling them solution a, b, c, 
and d, or (3) requires the student to pick one of the four multiple choice 
answers as the action which he would take. 


FITTING INSTRUCTIONAL METHODS TO YOUR SECTION 


Perhaps you may only have one or two trainees, each partially trained, and you 
wish to start training them immediately. In that case, the above procedures may be 
varied to fit instruction to the needs of the individual student. You will find On-The- 
Job training admirably suited for tailor-made, individualized instructions. Here is 
one way to do the fitting: 


1, Find out how much the trainee knows about his job. Timely questioning 
with this purpose in mind can save you much effort. Subtract what your 
trainee knows from the complete job picture and the remainder is that 
part of the instruction on which you must concentrate. 


2. Questioning usually starts the trainee himself to asking questions. As 
the job progresses, the trainee's answers to your questions serve as a 
basis for evaluation of his work. 


3. Have each individual trainee do some job planning as you think he needs 
it. He should outline, step by step, the procedures of each new job to 
which he is rotated throughout the section. When he has completed the 
outline, he should demonstrate how to do the procedure and be given a 
chance to teach it, in a dry run, to some other person. At the same 
time, he should be given a definite reading assignment in this OJT man- 
ual and tested upon both the written matter and the applied phases of his 
training. 


REPORTS AND RECORDS 


Job Training Standards for the radiology career field are found in Chapter I, 
These Job Standards are the key documents to OJT. From them can be compiled: 
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1. Part Ilof AF Form 623 (attached) -''Formal On-The-Job Training Record. 


2. Item No. 1 of the lesson plan as prescribed in the preceding section, this 
Appendix. 


3. Training Progress Record Wall Chart. 


Any progress marks on Form 623 orthe Training Progress Chart should always 
be based, at least partly, on some form of written or practical test rather than being 
based entirely on the opinion of some one individual. 


AIR FORCE FORM 623 


As prescribed by AFR 52-2, Air Force Form 623 is the standard form used for 
establishing a cumulative record of individual progress and proficiency of all airmen 
undergoing OJT. The "training objective'' as used in Form 623 means that training 
required to qualify an airman in a new AFSC either higher in his own ladder or ina 
closely related ladder. One form is used for each training objective. These forms 
are maintained at squadron level or in the immediate work unit. When an airman is 
transferred, the AF Form 623 accomplishes the individual's field personnel records 
group. The gaining organization utilizes the information on the record as a basis for 
planning the remaining portion of OJT necessary to accomplish the initial training 
objective. The purpose of providing a recognised uniform Air Force OJT record is 
to insure that an OJT program once started, is continued and completed without undue 
interruption orduplication of effort, regardless of where or how many times an indi- 
vidual may be transferred. Only the key items from the job standards, preceded by 
Arabic Numerals, should be included in Part II of the Air Force Form 623. 


AIR FORCE MANUAL 35-1 REPORTS 


This manual is the key publication governing the airmancareer program. Since 
airmen may attain a skill and be awarded an AFSC through OJT as well as through 
training at an Air Force technical school, the directives in AFM 35-1 controlling as- 
signment and utilization and upgrading of airmen are equally applicable in both situ- 
ations. Since AFM 35-1 is the key manual in airmanclassification, and is the des- 
cription of the job of every medical airman, the parts which describe the career pat- 
terns for the radiology career field must be shown to the students. This manual con- 
tains descriptions of educational requirements, physical requirements and other basic 
information in addition to material covered by job descriptions, Reports as required 
by this manual will be submitted to the squadron personnel officer. Normally, the 
supervisor is notified by the personnel section as to this reporting requirement. 


TRAINING PROGRESS RECORD 

As each training item of the major paragraphs and sub-paragraphs of the job 
standards are satisfactorily completed, they should be recorded ona training progress 
wallchart. The progress of a group of trainees can be put on such a chart and posted 
in a prominent place in the section. 


You should contact your squadron training officer to determine methods of re- 
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FORMAL ON-THE-JOB TRAINING RECORD 


ON-THE-JOB TRAINING OBJECTIVE 


Enter the training objective. Examples: 

1. Qualify helper level airman at apprentice level in AFSC 
73230. 

2. Qualify apprentice level airman at senior level in AFSC 
70250. 

3. Qualify airman in suffix “A” to AFSC 43152 presently 
qualified in suffix “B.” 

4. Qualify senior level airman at advanced level, AFSC 42371. 

5. Qualify airman in AFSC 73230 presently qualified in AFSC 
70230. 


SECTION II 


CoLumMNn A.—Phases of training will be determined from the 
ATRC OJT Program Outline. Where this outline is not avail- 
able for an AFS, phases of training will be sercepee from the 
current AFS job description. Additional training n in item 
22, DA AGO Form 20 will not be listed in this section. 

CoLuMN B.—Enter date training started for each phase. 

CoLtuMN C.—Enter date each phase of training was satisfacto- 
rily completed, based upon the trainer’s judgment that airman can 

ectively perform duties encompassed within each phase. 

CoLtuMN D.—Trainer will authenticate entries in columns A 


through C by signing column D (Name and grade). 

When training is compl the signature of the responsible 
training officer will complete this section. 
SECTION Ill 


Pen enter in Test Result column the word “‘passed” 


SECTION I 


Item 5.—Enter grade held during this training. 
Item 8.—Enter training started as verified by entry to item 9. 
Item 9.—Paragraph and number of personnel action memoran- 





or 
Item 10.—Enter estimated completion date for purposes of 
ing and pro : training. SECTION IV 
Item 11.—Signature of trainee, when training starts. Other When applicable enter in Action column, the word “favorable” 
items are self-explanatory. or “unfavorable.” 
ON-THEJOB TRAINING OBJECTIVE 
Qualify Apprentice level airman at senior level in AFSC 90350 
I. PERSONNEL DATA 





1. LAST NAME—FIRST NAME—MIDOLE INITIAL 


Jackson, Jacob J. 


2. PRIMARY AFSC 3. UTILIZATION AFSC "| 4. DUTY AFSC 
90330 £0330 90330 
7. DUTY SECTION 8. DATE TRAINING 9. AUTHORITY 


A/2e 4303rd Medical Group es Fara 9 
AF 17220461 Dutlandish AFB, Maine Radiology & Jul 57 Feram 158 


10. ESTIMATED COMPLETION M SIGNATU Ty a / 12. AND G BT TE SUPERVISOR 
wren fate ego | GBs 


A 
i. / TRAINING DATA 


DATE 
DATE STARTED SATISFACTORILY 
COMPLETED 
8 ¢ 
td 


5S. GRADE AND SERVICE NO. 6. SQUADRON AND STATION 


SS 


TRAINER AUTHENTICATION 
(Neme end grade) 


) 
Ferformiriz darkroom processing rro-| & Jul 57 22 Jul 57 


cedures for ypes of Re 


5 ~ 9 
A nN 


L 

Ferforming routine and complex posi+ 24 Jul 57 | 13 Now 57 pe 

a su 57| 12 nec 57| Lad A hed 
Jul 57 | 12 Nec 57 re 


Determining and applying routine 
and advanced radiograrhic techni- 
gue procedures 


 casincwd i sespesa biscasumtesiceiaascoraped 
 oeesanacsasenosunl 
teieametncapnanimnre 
PT 


AF ; Feenss 0.23 Previous editions of this form are obsolete. 








YQ 
Sy 
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porting of training progress and completion. Failure to report such progress can 
endanger your entire training program. 


9. 


10. 


ll. 


12. 


13. 


14, 


CHECK LIST FOR OJT SUPERVISORS 


Do I have AFR 52-2 and the Radiology Career Field descriptionfrom AFM 35-1? 


Have I studied the Job Standard and started Form 623 and developed a training 
progress record wall chart for my section? 


Have I developed my lesson plans to cover all phases of the Job Standards? 
Do my lesson plans include my learning objectives and teaching methods ? 


Have I studied the section on Teaching Methods and Principles to assure that 
I used the best method for each phase of the training ? 


Do I inspire my trainee by job, section and Medical Service orientation and 
by showing how lesson objectives coming from Job Standards assist him in 
career development? 


Do I maintain interest by requiring lively, well organized lessons, demonstra- 
tions and applications ? 


Are my trainees showing definite evidence of gain in knowledge and are they 
demonstrating skill in application? 


Is there continual effort to tie the job and the training together ? 


Am I using the evaluation questions at the end of the chapters to determine the 
effectiveness of my training ? 


Do I make an effort to plan and secure training aids? 


Do I make a conscientious effort to control the trainee on the job by keeping 
training charts, reports and records up to date? 


Do I adapt vocabulary and assignment to the level of the trainee? 
Do I encourage and motivate the workers and the OJT trainees or do I kill 


their initiative and enthusiasm ? 


A sample of a partially completed training progress record is shown on the 


following page. A record such as the one shown, or one similar, is essential if in- 
dividual progress is to be adequately evaluated. 


ae ee 
—— 





